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ABSTRACT 


The  purpose  of  this  study  was  to  determine  whether  or  not  a  program  can  be 
developed  to  examine  isomorphism  between  parts  of  a  VLSI  layout.  Many  simulation 
files,  obtained  through  Magic’s  hierarchical  extractor,  were  analyzed  in  order  to  develop 
a  C  program  to  accomplish  recognition  of  several  types  of  gates.  This  recognition  gives 
signatures  in  order  to  check  for  isomorphism. 

The  development  and  design  of  the  algorithms  used  in  different  parts  of  the  pro¬ 
gram  are  described.  Results  demonstrate  that  recognition  of  elements  in  a  CMOS 
circuit  is  possible,  even  with  moderate  complexity  structures.  An  appendix  with  the  C 
program  listings  is  included. 
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I.  INTRODUCTION 


A.  BACKGROUND 

This  thesis  is  an  initial  step  to  develop  a  tool  for  fast  verification  of  Very  Large 
Scale  Integration  (VLSI)  circuit  design  and  timing  verification.  The  integration  of  VLSI 
chips  includes  many  steps,  beginning  with  setting  the  specifications  and  continuing  to 
fabrication  of  the  chips.  Design  verification  checks  the  chip  design  before  fabrication. 
The  verification  process  is  divided  into  three  parts: 

•  Functional  (logic)  verification  to  ensure  that  the  design  gives  the  desired  results. 

•  Physical  (layout)  verification  to  ensure  that  the  physical  layout  obeys  the  geometric 
design  rules  and  to  validate  the  proper  circuit  connectivity. 

•  Timing  verification  to  validate  the  path  delays  and  check  that  they  satisfy  the  duty 
cycle  according  to  the  design  specifications. 

The  design  process  of  a  VXSI  circuit  leads  toward  the  geometric  layout.  This 
geometric  layout  is  used  to  generate  the  masks  from  which  the  chip  is  fabricated  on 
wafers.  The  correctness  of  the  geometric  layout  is  crucial  and  must  be  checked  before 
the  mask  generation  process.  Due  to  the  complexity  of  the  geometric  layout  mistakes 
can  occur.  Circuits  that  have  been  visually  checked  by  designers  and  layout  specialists 
have  been  found  to  have  missing  contacts  when  entering  the  mask  shop.  Errors  like  this 
are  costly  in  terms  of  design  time  and,  therefore,  money.  Computer  aided  design  (CAD) 
tools  can  reduce  the  time  needed  for  the  design  process.  Development  of  a  fast  circuit 
verifier  can  reduce  the  design  time. 
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A  circuit  verifier  ensures  that  the  design  is  accurate,  reducing  the  chance  of  faulty 
chips.  There  are  several  studies  which  attempt  to  provide  design  verification  in  certain 
stages  of  the  VLSI  design  process  [1][2].  Some  of  them  use  the  switch-level  model  and 
others  the  device-level  model.  Although  the  switch-level  model  gives  faster  results,  com¬ 
ponent  regularity  can  give  the  device  level  model  the  advantages  of  better  identification 
for  certain  elements.  By  comparing  structures  which  consist  of  certain  elements,  a  quick 
verification  can  be  achieved.  For  example,  if  the  designer  knows  that  his  geometric  layout 
contains  99,336  transistors,  8,952  inverters,  6,747  pacsgates,  125  XOR  gates  and  so  on. 
a  C.4D  tool  can  test  for  these  quantities  and  perform  a  quick  verification.  Beside  the 
device  counter  process,  a  timing  analysis  based  on  gates  (or  in  general,  devices)  can  be 
faster  by  using  devices  than  using  transistors. 

This  research  is  concentrated  on  an  algorithm  that  will  provide  designers  with 
circuit  verification.  This  algorithm  accomplishes  its  task  by  examining  the  isomorphism 
property  through  the  graph  theory. 

B.  SCOPE  OF  THE  THESIS  INVESTIGATION 

The  goal  of  this  thesis  is  to  develop  an  algorithm  that  examines  whether  the  isomor¬ 
phism  exists  between  a  Complementary  Metal  Oxide  Silicon  (CMOS)  circuit  geometric 
layout  and  the  expected  layout.  The  expected  design  description  may  produce  the  ex¬ 
pected  simulation  file  before  the  layout  process.  By  this  algorithm,  errors  that  have 
taken  place  during  assembling  the  whole  geometric  layout  from  its  distinct  parts  can  be 
identified. 

The  algorithm  uses  a  simulation  file  2is  input.  This  simulation  file,  consisting  of 
transistors,  is  analyzed.  We  first  perform  gate  recognition  of  several  types  of  gates  and 
remove  the  transistors  which  belong  to  these  gates  from  the  simulation  file.  The  remaining 
transistors  are  grouped  as  abstract  structures  (devices).  This  gate  and/or  structure 
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recognition  and  taxonomy  provides  classification  among  transistors.  Transistors  of  the 
same  connection  topology  are  grouped  together.  The  above  process  is  performed  in  the 
expected  circuit  and  in  the  part  of  the  circuit  that  we  want  to  examine.  The  algorithm 
then  performs  tests  for  each  kind  of  gate  and  structure  to  verify  that  the  two  circuits  are 
isomorphic. 

C.  THESIS  OUTLINE 

Chapter  II  introduces  graph  theory  and  discusses  briefly  the  isomorphism  propeity. 

In  Chapter  III.  the  different  steps  that  are  required  to  generate  simulation  files  are 
examined  (.\'Iagic-extractor-ext2sim). 

The  preliminary  stage  of  structuring  the  transistor  level  information  for  later  use 
is  presented  in  Chapter  I\^ 

Examination  of  simulation  files  for  known  CMOS  circuits  is  presented  in  Chapter 
V.  Several  kinds  of  gates  are  recognized  and  their  algorithms  are  analyzed. 

Chapter  VI  provides  the  algorithm  to  group  the  rest  of  the  existing  transistors  in 
structures  with  proper  format,  for  later  examination  for  isomorphism. 

Chapter  \dl  discusses  the  algorithm  for  the  tests  that  are  performed  in  order  to 
identify  if  isomorphism  exists. 

Chapter  \'1I1  summarizes  the  results  of  this  thesis  and  includes  possible  uses  of  this 
program  in  circuit  and  timing  verification. 
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II.  GRAPH  THEORY  -  THE  ISOMORPHISM 

PROPERTY. 


A  graph.  G.  is  a  network  of  nodes  or  vertices  (V)  and  arcs  or  edges  (E)  from  some 
nodes  to  others  or  to  themselves  [3].  According  to  properties  that  exist  between  vertices 
and  edges,  graphs  are  categorized  in  a  taxonomy  that  is  quite  lengthy.  Some  example 
categories  are: 

1.  Simple,  if  no  self-loops  or  multiple  edges  exist. 

2.  Directed,  if  the  pair  of  end  points  of  an  edge  is  ordered. 

3.  Euler,  every  edge  appears  once  if  in  an  undirected  graph. 

4.  Complete,  if  every  pair  of  distinct  vertices  is  adjacent. 

5.  Tree,  if  the  graph  has  no  cycles 
and  many  others  [3]. 

A  graph  can  be  used  to  represent  a  VLSI  circuit  layout,  with  transistors  as  the 
vertices  of  a  graph  and  the  connections  between  the  transistors  its  edges.  The  only 
difference  that  exists  is  that  the  graph  of  a  VLSI  circuit,  containing  perhaps  100.000 
transistors,  cannot  be  placed  in  any  of  the  above  categories.  The  connectivity  follows 
functional  and  topological  requirements.  These  functional  requirements  establish  the  way 
of  connectivity  between  the  transistors  and  thus  no  assumption  can  be  made  in  order  to 
fit  somewhere  in  graph  theory’s  taxonomy. 

In  graph  theory  two  concepts  of  “sameness”  exist.  These  concepts  are  equalitv 
and  isomorphism.  “Two  graphs,  G  and  G’  are  equal  if  they  have  equal  vertex  sets  and 
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Figure  2.1:  Example  of  three  graphs  which  are  mutually  isomorphic. 

equal  edge  sets”  [4].  The  isomorphic  property  is  more  fundamental  one.  “Isomorphic” 
has  Hellenic  roots  meaning  “same  structure.”  Two  graphs,  G  and  G’,  are  said  to  be 
isomorphic  if  a  1-to-l  mapping  of  graph  G’  onto  graph  G  exists  [5].  The  verification 
of  1-to-l  mapping  is  not  an  easy  task,  especially  if  the  number  of  vertices  and  edges  is 
large.  The  three  graphs  in  Figure  1  are  isomorphic,  although  they  don’t  seem  to  be  at 
first  glance.  In  fact,  the  graph  isomorphism  prc  lem  is  NP-complete  [6]. 

Isomorphism  preserves  a  number  of  properties  [4],  some  of  which  will  be  useful  to 
this  research.  These  are; 

•  Same  number  of  vertices. 
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•  Same  number  of  eHges. 


•  Same  number  of  pieces  (subgraphs). 

If  one  of  the  above  properties  does  not  exist  between  two  graphs,  they  are  not  isomorphic. 
In  other  words,  either  an  attempt  can  be  made  to  check  for  isomorphism  or  to  try  to 
prove  that  one  of  the  above  properties  does  not  exist  and  the  graphs  are  not  isomorphic. 
The  existence  of  isomorphism  between  two  graphs,  is  based  on  “graph  invariants.”  These 
are  distinct  properties  or  parameters  that  must  exist  in  both  graphs  if  they  are  isomor¬ 
phic.  The  more  graph  invariants  that  can  be  identified,  the  more  certainty  exists  about 
isomorphism.  But  this  is  a  postulation,  not  a  proof.  A  “complete  graph  invariant”  is 
considered  the  one  property  that  must  exist  between  two  isomorphic  graphs,  and  is  the 
only  way  to  prove  isomorphism.  Since  the  discovery  of  such  complete  graph  invariant,  in 
a  computable  way,  would  solve  the  isomorphism  problem,  the  search  has  been  persistent 
and  still  continues  [7]  [8]. 

In  this  research,  the  attempt  to  identify  isomorphism  is  based  on  eissigning  graph 
invariants  and  examining  for  existence  of  the  three  properties  mentioned  before.  This 
attempt  is  made  through  circuit  layout  gate  recognition.  The  taxonomy  of  different 
structures  of  transistors  into  gates,  implies  all  three  properties.  For  example,  suppose 
1,932  inverters  exist  in  a  circuit.  This  means  that  by  recognizing  structures  as  inverters, 
in  the  two  graphs,  and  comparing  them  we  have  already  examined  for  the  first  two 
properties  (same  vertices  and  same  edges).  Furthermore,  having  the  same  number  of 
inverters,  the  third  property  is  also  examined.  Of  course,  as  mentioned  before,  this  is 
a  postulation  not  a  proof  eis  the  gates  may  be  connected  in  the  wTong  way.  The  larger 
the  number  of  structures  which  are  identified,  the  less  the  uncertainty  is.  This  thesis 
treats  the  isomorphism  at  the  gate  level  but  more  levels  can  be  applied  to  prove  w'hether 
isomorphism  exists  or  not. 
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III.  ANALYSIS  OF  SIMULATION  FILES. 

The  simulation  file  of  a  CMOS  layout  plays  a  very  important  role  in  this  thesis.  The 
simulation  file  is  the  input  to  the  verification  program  which  was  implemented.  Since  it 
is  used  as  the  source  for  the  needed  information  for  the  CMOS  layout,  it  is  necessary  to 
discuss  the  waj'  it  is  created  and  the  information  contained  in  its  lines. 

A.  FROM  MAGIC  TO  SIMULATION  FILES 

Computer-aided  design  (CAD)  tools  play  an  important  role  in  the  design  of  VLSI 
layouts.  Several  tools  have  been  developed  to  assist  VLSI  designers.  One  such  tool  for 
CMOS  technology  layouts  is  Magic  [9]. 

Magic  was  developed  by  the  faculty  and  students  at  University  of  California,  Berke¬ 
ley  (UCB)  in  1983.  It  is  an  interactive  system  for  creating  VLSI  circuit  layouts.  It  consists 
of  interactive  packages,  the  most  important  functions  of  which  are; 

1.  Mead-Conway  style  of  design.  This  implies  simplified  design  rules  and  circuit  struc¬ 
tures. 

2.  Capability  for  designs  of  Manhattan-style  la3"outs.  This  means  that  the  edges  in 
the  layout  are  vertical  or  horizontal. 

3.  Capability  for  MOSIS-scalable  CMOS  design  rules.  Magic’s  name  for  this  technol¬ 
ogy  is  SCMOS. 

4.  Hierarchical  circuit  extraction  used  to  convert  the  graphical  laj'out  into  a  Caltech 
Intermediate  Form  (CIF)  file. 

In  order  to  generate  a  simulation  file,  several  steps  must  occur.  A  VLSI  layout 
can  be  designed  using  Magic.  The  result  of  this  design  is  a  file  with  the  extension  .mag. 
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I  units:  150  tech:  scmos 
p  D  Vdd  Q  2  4  78  8 
n  D  GND  Q  2  4  78  -10 
R  GND  839 
C  Q  GND  58 
R  Q  878 
C  D  GND  13 
R  D  488 
C  Vdd  GND  47 
R  Vdd  919 


Figure  3.1:  A  .sim  file  for  an  inverter. 

By  using  the  extractor  program  which  is  in  the  Magic  package,  we  come  up  with  a  CIF 
representation  of  the  file.  The  extension  of  this  file  is  now  .ext.  This  .ext  file  contains 
informations  such  as  transistor  dimensions,  circuit  connectivity,  and  resistance  and  ca¬ 
pacitance  values  between  the  different  nodes  of  the  circuit.  The  .ext  file,  which  is  the 
hierarchical  representation  of  the  original  layout,  is  converted  to  its  flat  representation. 
This  is  the  simulation  file  and  it  has  extention  .sim.  This  transformation  is  done  by 
another  UCB  tool  named  ext2sim. 

This  discussion  about  Magic  does  not  widely  cover  the  subject,  and  the  interested 
reader  may  find  a  lot  of  detailed  information  in  [10]. 

B.  SIMULATION  FILES 

It  is  of  great  importance  to  identify  the  information  provided  by  the  simulation  file. 
Figure  3.1  illustrates  the  .sim  file  of  an  inverter. 

The  .sim  file  begins  with  a  header  line  which  contains  the  scale  factor  (150)  and  the 
technology  (scmos)  of  the  circuit.  Some  simulation  files  may  have  another  field  describing 
the  format.  In  this  thesis,  scmos  technology  is  required  in  the  technology  field  (Berkeley 
or  MIT). 
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Next,  the  transistor  lines  follow.  Earh  transistor  has  its  own  line,  including 
information  about  this  transistor.  Eight  fields  exist  in  the  transistor  line,  which,  in 
sequence,  are: 

1.  Transistor  type  (p  or  n). 

2.  Gate  field,  which  contains  the  node  label  for  the  gate. 

3.  Source  field,  which  contains  the  node  label  for  the  source. 

4.  Drain  field,  which  contains  the  node  label  for  the  drain. 

0.  Length  field,  which  contains  the  scaled  length  of  the  transistor. 

6.  Width  field,  which  contains  the  scaled  width  of  the  transistor. 

7.  X-location,  field  which  indicates  the  location  of  a  center  point  inside  the  tran¬ 
sistor. 

8.  Y-location.  field  which  indicates  the  location  of  a  center  point  inside  the  tran¬ 
sistor. 

In  this  thesis,  the  first  six  fields  are  considered  to  provide  us  with  useful  infor¬ 
mation.  The  labels  Vdd  and  GND  which  appear  in  a  .sim  file,  indicate  a  connection 
with  the  common  voltage  source  and  ground  of  the  circuit.  This  label  is  placed  either 
in  the  source  or  in  the  drain  field.  This  placement  is  performed  by  the  extraction 
process.  It  is  done  in  a  manner  depending  on  the  position  of  the  gates  in  the  layout. 
For  example,  a  gate  can  be  rotated,  inverted  and  so  on.  Accordingly,  the  Vdd  or 
GND  label  can  be  interchanged  between  source  and  drain  fields.  That  has  nothing 
to  do  with  the  functionality  of  the  transistors.  A  certain  gate  remains  the  same  no 
matter  where  the  Vdd  and  GND  are  placed. 
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I  units:  150  tech:  scmos 
p  3_147_529  Vdd  3_955_744  2  4  78  8 
n  3.147_529  GND  3_955_744  2  4  78  -10 
R  GND  839 

C  3_955_744  GND  58 
R  3_955_744  878 
C  3.147_529  GND  13 
R  3_ 147.529  488 
C  Vdd  GND  47 
R  Vdd  919 


Figure  3.2:  A  .sim  file  for  an  inverter,  without  labels. 

extraction  process  assigns  numerical  labels  to  all  of  them.  An  example  of  such  assignment 
is  illustrated  in  Figure  3.2.  Because  of  this,  there  are  no  unlabeled  nodes  within  a  layout. 
In  our  further  research  we  will  consider  that  labels  exist  in  all  fields  in  a  transistor  line. 
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IV.  ANALYSIS  AT  TRANSISTOR  LEVEL. 


Initial  research  was  conducted  to  specify  the  most  efficient  approach.  This  was 
needed  not  only  to  achieve  the  final  goal  of  identification  for  isomorphism,  but  also 
decrease  the  execution  time  of  the  program. 

A.  GROUPING  OF  TRANSISTORS 

As  it  was  stated  in  Chapter  2,  the  more  graph  invariants  (signatures)  we  identify 
in  a  circuit  layout,  the  more  certainty  exists  about  the  isomorphism  property.  Initially, 
the  transistors  are  divided  into  two  categories,  P  and  N  transistors.  Furthermore,  each 
of  these  categories  can  be  divided  into  four  categories: 

1.  Pi:  P  transistors  without  connection  to  Vdd. 

2.  P2:  P  transistors  with  connection  to  Vdd. 

3.  NT:  N  transistors  without  connection  to  GND. 

4.  N2:  N  transistors  with  connection  to  GND. 

Notice  that  there  are  no  P  transistors  connected  to  GND  nor  N  transistors  con¬ 
nected  to  Vdd  due  to  the  complementary  technology  of  CMOS. 

B.  IMPLEMENTATION 

A  C  program  (see  Appendix  A)  was  written  to  implement  this  prelimenary  process. 
The  first  step  in  this  program  is  to  accept  a  .sim  file  as  input.  The  program  start 
running  by  the  command  “iso”  followed  by  one  or  two  file  names  of  .sim  files.  If  one 
filename  is  invoked,  the  program  performs  just  device  counting.  If  two  filenames  are 
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invoked,  it  performs  examination  for  isomorphism  between  them.  These  two  files  have 
to  be  in  order.  That  means,  the  first  file  cannot  be  smaller  than  the  second  one.  From 
now  on  we  are  going  to  refer  to  them  as  big  (the  first  file)  and  small  (the  second  file) 
even  though  they  might  be  equivalent  (having  same  number  of  transistors). 

The  program  then,  opens  this  file  (or  these  files),  and  creates  a  file  named  “isoout¬ 
put”,  which  contains  all  information  from  the  recognition  process.  The  information 
contains  the  labels  for  input,  output,  phase  and  whatever  else  is  helpful  for  the  program 
or  the  designer.  It  will  also  contain  all  error  messages  that  may  be  prompted  during  the 
program’s  execution. 

After  the  program  accepts  its  inputs,  it  first  checks  that  they  are  in  proper  format. 
This  is  done  by  examining  the  headers  of  the  .sim  files.  In  case  the  specifications  are  not 
met,  an  error  message  is  prompted  and  the  program  is  terminated. 

Then  the  program  creates  dummy  head  and  tail  pointers  for  the  four  linked  lists. 
These  four  lists  are  going  to  contain  information  for  the  transistors.  Next,  the  rest  of  the 
input  files  are  read.  Each  line  is  read  and  all  information  stored  in  a  temporary  structure. 
The  process  then  continues  the  following  8  steps; 

1.  The  first  field  is  examined  to  see  whether  it  is  p  or  n. 

2.  If  it  is  p,  it  is  examined  for  existence  of  Vdd  label  in  either  source  or  drain  fields. 

3.  If  it  has  a  Vdd  label,  this  label  is  placed  only  in  the  source  field.  Then  the  remaining 
of  information  is  placed  in  a  structure  which  is  pointed  to  by  the  P2  linked  list. 

4.  If  it  does  not  have  a  Vdd  label,  the  information  on  this  transistor  is  placed  in  a 
structure  which  is  pointed  to  by  the  PI  linked  list. 

5.  If  the  first  field  is  n,  it  is  examined  for  GND  label  in  either  source  or  drain  fields. 
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6.  If  it  has  a  GND  label,  this  label  is  placed  only  in  the  source  field.  Then  the  rest  of 
the  information  is  placed  in  a  structure  which  is  pointed  by  the  N2  linked  list. 

7.  If  it  does  not  have  a  GND  label,  the  information  on  this  transistor  placed  in  a 
structure  which  is  pointed  to  by  the  Nl  linked  list. 

8.  Read  in  the  next  line.  If  transistor  information  is  in  the  line  go  to  step  1;  otherwise 
the  program  continues  with  the  recognition  process. 
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V.  EXAMINING  .SIM  FILES  OF  KNOWN  CMOS 

CIRCUITS. 


An  important  goal  of  this  research  was  to  determine  whether  or  not  known  CMOS 
circuits  can  be  recognized.  Previously-conducted  research  [10]  showed  that  this  could 
be  done  and  also  can  be  extented  to  more  types  of  circuits.  This  thesis  recognizes  the 
follwing  8  types  of  gates: 

1.  Inverter. 

2.  Passgate. 

3.  2-input  NOR. 

4.  2-input  NAND. 

5.  Precharged  inverter. 

6.  2-phase  clocked  inverter. 

7.  2-input  precharged  NOR. 

8.  2-input  precharged  NAND. 

The  major  factor  for  the  selection  of  the  above  gates,  was  the  existence  of  these 
gates  in  the  VLSI  circuits  library  at  NPS.  Integrated  tools  can  be  used  for  the  benefit  of 
NPS  students,  if  these  tools  can  cooperate  and  function  together. 

The  circuits  of  these  gates  were  designed  using  MAGIC  and,  through  the  extrac¬ 
tion  process,  were  hierarchically  presented.  The  extracted  files  were  converted  to  UCB 
CIF  format  files,  using  the  ext2sim  procedure  [9].  The  ext2sim  program  created  the 
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needed  .sim  files.  These  simulation  files  were  analyzed  to  identify  the  algorithm  for  their 
recognition. 

Several  tests  were  conducted  with  .sim  files.  These  files  were  either  selected  from 
the  NFS  student  projects  or  created  for  the  purpose  of  this  research.  Testing  files  were 
necessary  because,  for  each  type  of  gate,  many  arrangements  of  the  labels  in  the  different 
fields  may  exist.  Because  the  extraction  process  places  the  source  and  drain  field  labels 
interchangeably  we  must  carefully  choose  various  testing  files  in  order  to  exhaustively 
test  all  possible  configurations  of  these  gates. 

We  discuss  further  details  of  the  recognition  process  of  each  gate  type  in  the  next 
two  sections. 

A.  RECOGNITION  ALGORITHMS 

The  recognition  algorithms  are  described  next.  The  algorithms  use  the  four  tran¬ 
sistor  lists  which  are  named  PI,  P2,  N1  and  N2.  In  some  gates,  there  are  more  than  one 
transistor  from  the  same  linked  list.  This  case  is  resolved  by  referring  to  Nil,  N12  for 
NT  list,  for  example.  The  algorithms  are: 

1.  INVERTER 

1.  Obtain  a  p-type  and  an  n-type  transistor,  from  the  P2  and  N2  linked  lists,  respec¬ 
tively. 

2.  If  gates  and  drains  of  P2  and  N2  are  the  same,  an  inverter  is  found;  otherwise, 
continue  with  a  different  set  of  p  and  n  transistors,  taken  from  the  P2  and  N2  lists. 

3.  If  no  other  set  remains,  exit  the  inverter  recognition  process. 

2.  PASSGATE 

1.  Obtain  a  p-type  and  an  n-type  transistor,  from  the  PI  and  NT  linked  lists,  respec¬ 
tively. 
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2.  If: 


(a)  Sources  of  PI  and  N1  are  the  same,  and  different  from  all  other  fields. 

(b)  Drains  of  Pi  and  N1  are  the  same,  and  different  from  all  other  fields. 

(c)  Gates  of  Pi  and  Nl  are  different, 

then,  a  passgate  is  found;  Otherwise,  continue  with  a  different  set  of  p  and  n 
transistors  from  PI  and  Nl  lists. 

3.  2-INPUT  NOR 

1.  Obtain  two  p-type  and  two  n-type  transistors  from  PI,  P2.  N2  and  N2  linked  lists. 
We  will  refer  to  each  N2  as  N21  and  N22,  respectively. 

2.  If: 

(a)  Gates  of  P2  and  N21  are  the  same,  and  different  from  all  other  labels. 

(b)  Gates  of  Pi  and  N22  are  the  same,  and  different  from  all  other  labels. 

(c)  Drains  of  N21  and  N22  are  the  same,  and 

•  Drain  of  P22  is  the  same  as  the  source  of  PI. 

•  Drain  of  N21  (or  N22)  is  the  same  as  the  drain  of  PI, 
or, 

•  Drain  of  P2  is  the  same  as  the  drain  of  Pi. 

•  Drain  of  N21  (or  N22)  is  the  same  as  the  source  of  Pi, 

then,  a  2-input  NOR  gate  is  found;  Otherwise,  continue  with  different  set  of  tran¬ 
sistors,  taken  from  PI,  P2,  N2  and  N2  lists. 

3.  If  no  other  set  remains,  exit  the  2-input  NOR  gate  recognition  process. 
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4.  2-INPUT  NAND 

1.  Obtain  two  p-type  and  two  n-type  transistors  from  P2,  P2,  N1  and  N2  linked  lists. 
We  will  refer  to  each  P2  as  P21  and  P22,  respectively. 

2.  If; 

(a)  Gates  of  P21  and  N2  are  the  same,  and  different  from  all  other  labels. 

(b)  Gates  of  P22  and  Nl  are  the  same,  and  different  from  all  other  labels. 

(c)  Drain  of  P21  and  P22  are  the  same,  and 

•  Drain  of  P21  (or  P22)  is  the  same  as  the  source  of  Nl. 

•  Drain  of  N’2  is  the  same  as  the  drain  of  Nl. 
or. 

•  Drain  of  P21  (or  P22)  is  the  same  the  drain  of  Nl. 

•  Drain  of  N2  is  the  same  as  the  source  of  Nl, 

then,  a  2-input  N.AND  gate  is  found:  Otherwise,  continue  with  different  set  of 
transistors,  taken  from  P2.  P2,  Nl  and  N2  lists. 

3.  If  no  other  set  remains,  exit  the  2-input  NAND  gate  recognition  process. 

5.  2-PHASE  CLOCKED  INVERTER 

1.  Obtain  two  p-type  and  two  n-type  transistors  from  Pi.  P2.  Nl  and  .N2  linked  lists, 
respectively. 

2.  If: 

(a)  Gates  of  P2  and  N2  are  the  same,  and  different  from  all  other  labels. 

(b)  Gates  of  Pi  and  Nl  are  different  from  each  other  and  from  all  other  labels, 
and 
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•  Drain  of  P2  is  the  same  as  the  source  of  Pi . 

•  Drain  of  N2  is  the  same  as  the  source  of  Nl. 

•  Drain  of  PI  is  the  same  as  the  drain  of  Nl, 
or, 

•  Drain  of  P2  is  the  same  as  the  source  of  Pi. 

•  Drain  of  N2  is  the  same  as  the  drain  of  Nl. 

•  Drain  of  PI  is  the  same  as  the  source  of  Nl, 
or. 

•  Drain  of  P2  is  the  same  as  the  drain  of  Pi. 

•  Drain  of  N2  is  the  same  as  the  source  of  Nl. 

•  Source  of  PI  is  the  same  as  the  drain  of  Nl, 
or. 

•  Drain  of  P2  is  the  same  as  the  drain  of  PL 

•  Drain  of  N2  is  the  same  as  the  drain  of  Nl. 

•  Source  of  Pi  is  the  same  as  the  source  of  Nl. 

then,  a  2-phase  clocked  inverter  is  found;  Otherwise,  continue  with  different  set  of 
transistors,  taken  from  PI,  P2,  Nl  and  N2  lists. 

3.  If  no  other  set  remains,  exit  the  2-pha5e  clocked  inverter  recognition  process. 

6.  PRECHARGED  INVERTER 

1.  Obtain  a  p-type  and  two  n-type  transistors  from  P2,  Nl  and  N2  linked  lists,  re¬ 
spectively. 

2.  If: 
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(a)  Gates  of  P2  and  N2  are  the  same. 

(b)  Gates  of  P2  and  N2  are  different  from  all  other  labels,  and 

•  Drain  of  P2  is  the  same  as  the  source  of  Nl. 

•  Drain  of  N2  is  the  same  as  the  drain  of  Nl, 

or. 

•  Drain  of  P2  is  the  same  as  the  drain  of  Nl. 

•  Drain  of  N2  is  the  same  as  the  source  of  Nl, 

then,  a  precharged  inverter  is  found;  Otherwise,  continue  with  different  set  of  tran¬ 
sistors,  taken  from  P2,  Nl  and  N2  lists. 

3.  If  no  other  set  remains,  exit  the  precharged  inverter  recognition  process. 

7.  2-INPUT  PRECHARGED  NOR 

1.  Obtain  one  p-type  and  three  n-type  transistors  from  P2,  Nl,  Nl  and  N2  linked 
lists.  We  will  refer  to  each  Nl  as  Nil  and  N12,  respectively. 

2.  If. 

(a)  Gates  of  P2  and  N2  are  the  same,  and  different  from  all  other  labels. 

(b)  Gates  of  Nil  and  N12  are  different  from  each  other,  and  from  all  other  labels, 
and 

•  Drain  of  P2  is  the  same  as  the  drain  of  Nil  and  the  drain  of  N12. 

•  Drain  of  N2  is  the  same  as  the  source  of  N12  and  the  source  of  Nil. 

or, 

•  Drain  of  P2  is  the  same  as  the  source  of  Nil  and  the  drain  of  Nr2. 

•  Drain  of  N2  is  the  same  as  the  source  of  N12  and  the  drain  of  Nil. 
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or, 

•  Drain  of  P2  is  the  same  as  the  source  of  Nil  and  the  source  of  N12. 

•  Drain  of  N2  is  the  same  as  the  drain  of  Nil  and  the  drain  of  N12, 

or, 

•  Drain  of  P2  is  the  same  as  the  drain  of  Nil  and  the  source  of  N12. 

•  Drain  of  N2  is  the  same  as  the  drain  of  N12  and  the  source  of  Nil, 

then,  a  2-input  precharged  NOR  gate  is  found;  Otherwise,  continue  with  different 
set  of  transistors,  taken  from  P2,  Nil,  N12  and  N2  lists. 

3.  If  no  other  set  remains,  exit  the  2-input  precharged  NOR  recognition  process. 

8.  2-INPUT  PRECHARGED  NAND 

1.  Obtain  one  p-type  and  three  n-type  transistors  from  P2,  Nl,  N1  and  N2  linked 
lists.  We  will  refer  to  each  Nl  as  Nil  and  N12,  respectively. 

2.  If. 

(a)  Gates  of  P2  and  N2  are  the  same  and  different  from  all  other  labels. 

(b)  Gates  of  Nil  and  N12  are  different  from  each  other  and  from  all  other  labels, 
and 

•  Drain  of  P2  is  the  same  as  the  source  of  N 1 1 . 

•  Drain  of  N2  is  the  same  as  the  source  of  Nl2. 

•  Drain  of  Nil  is  the  same  as  the  drain  of  N12,  and  different  from  all  other 
labels, 

or, 

•  Drain  of  P2  is  the  same  as  the  source  of  Nil. 
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•  Drain  of  N2  is  the  same  as  the  drain  of  N12. 

•  Drain  of  Nil  is  the  same  as  the  source  of  N12,  and  different  from  all  other 
labels, 

or, 

•  Drain  of  P2  is  the  same  as  the  drain  of  Nil. 

•  Drain  of  N2  is  the  same  cis  the  source  of  N12. 

•  Source  of  Nil  is  the  same  as  the  drain  of  N12,  and  different  from  all  other 
labels, 

or, 

•  Drain  of  P2  is  the  same  as  the  drain  of  Nil. 

•  Drain  of  N2  is  the  same  as  the  drain  of  N12. 

•  Source  of  Nil  is  the  same  as  the  source  of  N12,  and  different  from  all 
other  labels, 

then,  a  2-input  precharged  NAND  gate  is  found;  Otherwise,  continue  with  different 
set  of  transuistors,  taken  from  P2,  Nil,  N12  and  N2  lists. 

3.  If  no  other  set  remains,  exit  the  2-input  precharged  NAND  gate  recognition  process. 

B.  LENGTH  AND  WIDTH  SIGNATURES 

Through  the  recognition  process  of  each  gate,  another  process  is  also  performed. 
This  process  consists  of  placing  the  individual  transistor  information  about  length  and 
width  in  the  appropriate  field  of  gate’s  structure.  For  example,  if  the  two  transistors 
which  constitute  an  inverter  have: 

1.  Length  of  p  equal  to  2. 

2.  Length  of  n  equal  to  3. 
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3.  Width  of  p  equal  to  4. 


4.  Width  of  n  equal  to  5, 

then,  a  way  must  be  found  to  include  this  sizing  information  in  the  sizing  fields  of 
the  identified  inverter.  This  is  necessary  because,  when  the  isomorphism  identification 
procedure  starts,  there  must  be  a  way  to  distinguish  between  inverters  of  different  size. 

The  formation  of  the  length  and  width  gate  labels  follows  certain  rules.  These  rules 
are  referring  to  the  lengths  of  p-type  transistors;  however,  the  same  scheme  is  applied  to 
n-type  transistors  or  widths.  These  rules  are: 

•  The  length  field  for  each  gale  is  divided  into  two  parts.  The  first  part  refers  to 
p-type  transistor  lengths  and  the  second  to  n-type  transistors.  The  separation 
between  the  values  of  p-type  and  n-type  transistors  is  marked  by 

•  If  a  circuit  consists  of  more  than  one  p-type  transistor,  two  possibilities  exist. 
Either,  all  the  lengths  are  the  same  or  they  are  not.  If  all  lengths  are  the  same, 
then  only  one  length  value  appears;  otherwise,  all  lengths  appear,  separated  by 

it.” 

C.  IMPLEMENTATION 

A  program  (see  Appendix  A)  was  written  in  C  to  implement  the  gate  recognition 
process.  The  implementation  includes  additional  steps.  These  are: 

1.  Creation  of  dedicated  linked  lists,  one  for  every  type  of  gate.  These  lists  point  to 
structures  that  include  the  necessary  information  for  each  type  of  gate. 

2.  Execution  of  the  recognition  process  for  each  type  of  gate. 

3.  If  no  gate  is  found  (for  a  particular  type  of  gate),  continue  with  recognition  of 
another  type  of  gate. 
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4.  Whenever  a  gate  is  found,  then: 


•  Perform  the  length  and  width  placement  process,  according  to  the  rules  de¬ 
scribed  in  the  previous  section  of  this  Chapter. 

•  Perform  recognition  of  the  labels  for  “input”,  “output”,  “phase”,  and  others. 
This  information  is  needed  as  the  output  file  will  not  include  information  on 
all  transistors.  It  will  include  only  information  about  the  gate  as  a  circuit. 

•  Place  the  necessary  information  of  each  gate  in  a  structure.  This  structure  is 
pointed  to  by  the  appropriate  linked  list. 

•  Remove  the  transistors  that  constitute  the  recognized  gate. 

5.  Print  all  gates,  with  all  appropriate  information,  in  the  output  file. 

D.  PROGRAM  ACCOMPLISHMENTS 

The  writing  and  testing  of  the  previously  described  recognition  process  completes  an 
important  phase  of  this  thesis.  The  recognition  of  these  gates  demonstrates  the  possibility 
and  capability  to  identify  more  gate  structures  within  a  CMOS  layout.  However,  we  have 
to  admit  that  exhaustive  recognition  is  inefficient  in  computation  time.  For  example,  it 
may  not  be  needed  to  search  for  numerous  gates,  if  there  is  a  small  layout  in  which  very 
few  gate  types  exist. 
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VI.  EXAMINATION  OF  .SIM  FILES  FOR 
UNKNOWN  CMOS  CIRCUITS. 


Tn  Chapter  V,  it  was  examined  how  certain  gates  can  be  recognized.  The  next  step 
is  to  group  the  remaining  transistors  in  a  useful  way.  This  final  task  is  the  examination  for 
existence  of  isomorphism  property.  As  was  stated  in  Chapter  V,  whenever  a  certain  gate 
is  recognized,  the  transistors  that  constitute  this  gate  are  removed  from  the  appropriate 
linked  list. 

The  remaining  transistors  in  the  layout  can  be  divided  in  two  categories  [10].  These 

are: 


•  Groups  of  transistors  that  constitute  structures  with  connection  to  Vdd  and  GND, 
with  an  existing  path  between  them. 

•  Groups  of  transistors  that  constitute  structures  without  paths  to  Vdd  or  GND. 

A.  STRUCTURES  WITH  PATH  TO  VDD  AND  GND 

The  algorithm  for  identification  of  structures  with  a  path  to  Vdd  and  GND  requires 
the  following  steps: 

1.  A  transistor  is  selected,  with  the  Vdd  label  in  its  source  field. 

2.  A  search  begins  to  find  all  transistors  which  are  connected  to  the  selected  transis¬ 
tor’s  source  or  drain. 

3.  A  recursive  process  takes  place  in  order  to  identify  all  connected  transistors. 

4.  When  a  connection  to  GND  is  found  in  any  of  the  connected  transistors,  the  process 
is  considered  complete.  If  no  connection  to  GND  is  found,  there  is  a  possible  error. 
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5.  The  above  process  is  continued  until  no  remaining  transistor  exist  with  connectivity 
to  Vdd  and  GND  within  the  .sim  file. 

B.  STRUCTURES  WITHOUT  PATHS  TO  VDD  AND  GND 

In  order  to  continue  with  this  step,  the  previous  process  must  be  complete.  The 
algorithm  for  identification  of  these  structures  requires  the  following  steps: 

1.  Select  a  remaining  transistor  in  the  .sim  file. 

2.  Find  all  transistors  which  are  connected  to  the  selected  one. 

3.  Recursively  find  all  connected  transistors. 

4.  If  no  other  transistor  exist  in  the  .sim  file,  the  process  is  considered  complete. 

Notice  that  there  are  cases  in  which  all  steps  of  the  above  process  are  not  needed. 
For  example,  if  we  have  a  single  transistor  which  is  not  included  in  a  bigger  structure, 
we  need  only  the  first  two  steps. 

C.  IMPLEMENTATION 

The  actual  implementation  of  the  previously  mentioned  algorithms  includes  more 
steps.  This  is  necessary  as  managerial  procedures  have  to  be  added.  These  procedures 
play  an  important  role  in  the  correct  and  efficient  execution  of  the  program. 

The  program  first  allocates  space  for  a  two-dimensional  array.  This  array  includes 
the  information  needed  from  these  structures.  The  first  field  in  the  array  contains  the 
device  number.  The  second  field  contains  pointers  to  all  transistors  that  constitute  the 
structure.  Because  these  structures  (devices)  do  not  have  a  standard  form,  we  cannot 
use  the  same  data  structure  format  as  before.  Redimensioning  of  the  structures  and  its 
elements  is  also  necessary  to  give  flexibility.  This  is  important,  especially  if  memory 
space  is  limited  and  a  large  circuit  is  examined.  However,  redimensioning  was  considered 
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easier  and  faster  than  changing  the  data  structure  and  parts  of  the  program  each  time  a 
new  circuit  is  analyzed. 

The  next  step  merges  the  four  linked  lists  into  two.  The  PI  and  P2  lists  are 
combined  in  one,  as  well  as  the  Nl  and  N2  lists.  This  is  necessary  as  abstract  devices  can 
hav'e  any  formation  of  transistors.  The  formation  must  always  follow  the  CMOS  general 
structure,  which  is,  group  of  P  transistors  connected  to  Vdd,  followed  by  N  transistors 
connected  to  GND. 

Then,  a  search  takes  place  to  find  a  transistor  whose  gate,  source  or  drain  includes 
the  label  Vdd.  If  one  (or  the  first)  is  found,  it  is  removed  from  the  linked  list.  This  will 
reduce  the  execution  time,  as  this  transistor  will  not  be  selected  again. 

The  search  continues  along  the  p-type  and  n-type  transistor  lists,  to  identify  transis¬ 
tors  that  are  connected  to  the  chosen  one.  A  recursive  search  continues  until  all  connected 
transistors,  in  the  p-type  and  n-type  lists,  are  reached. 

A  checking  procedure  follows,  to  determine  whether  or  not  a  connection  to  GND 
exist.  If  no  such  connection  exists,  there  is  a  possible  error.  However,  a  designer  may 
have  transistors  within  a  circuit,  which  are  constantly  high  or  low.  This  can  happen  for 
functional  purposes  of  the  circuit.  In  that  case,  an  error  message  acts  interactively  by 
asking  the  user  whether  he  wishes  to  reexamine  the  .sim  file,  because  no  path  to  GND 
exists.  If  the  user  answers  yes,  the  program  is  terminated.  If  the  user  answers  no,  the 
program  places  this  structure  as  a  device  and  continues  its  execution. 

All  transistors  that  were  identified  as  a  structure  are  placed  into  an  array.  The 
device  counter  is  incremented  and  the  search  process  starts  again.  It  continues  until  no 
other  structure  with  a  path  from  Vdd  to  GND  exists. 

The  two  linked  lists  with  the  remaining  transistors  are  combined  into  a  single  list. 
The  first  transistor  of  this  list  is  selected  and  placed  on  the  top  of  a  stack.  This  transistor 
is  removed  from  the  linked  list. 
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Then  recursively  compare  all  transistors  which  are  connected  to  the  selected  one. 
All  these  transistors  are  placed  on  the  stack  and  removed  from  the  linked  list.  When  no 
other  transistor  is  found  which  is  connected  to  this  device,  each  transistor  of  the  stack  is 
placed  into  device  array.  The  algorithm  repeats  the  same  process  for  the  current  “first” 
transistor.  If  no  other  transistor  is  left  in  the  single  linked  list,  this  phase  is  considered 
complete. 
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VII.  IDENTIFICATION  FOR  ISOMORPHISM 


The  isomorphism  identification  is  structured  based  on  the  levels  discussed  in  pre¬ 
vious  Chapters.  It  is  performed  at  transistor  level,  gate  level  and  structure  level.  In 
each  of  them,  different  signatures  (properties)  are  examined  and  different  graph  invari¬ 
ants  are  considered.  These  differences  occur  from  the  variance  in  information  that  can 
be  extracted.  We  now  analyze  the  different  factors  that  are  important  in  isomorphism 
checking  for  each  level.. 

A.  TRANSISTOR  LEVEL 

As  mentioned  in  Chapter  IV,  the  transistors  that  exist  in  every  .sim  file  are  placed 
in  four  separate  linked  lists.  This  placement  was  done  according  to  whether  or  not  a 
connection  from  Vdd  to  GND  exits.  This  taxonomy  of  transistors  gives  the  qualitative 
property  that  we  are  going  to  use.  The  number  of  transistors  in  each  linked  list  i:  the 
needed  graph  invariant.  Four  quantative  comparisons  are  performed  between  transistors 
of  the  two  files: 

1.  Numerical  comparison  between  the  Pi  list  of  the  one  file  and  the  Pi  list  of  the 
other  file. 

2.  Numerical  comparison  between  the  P2  list  of  the  one  file  and  the  P2  list  of  the 
other  file. 

3.  Numerical  comparison  between  the  Nl  list  of  the  one  file  and  the  N1  list  of  the 
other  file. 

4.  Numerical  comparison  between  the  N2  list  of  the  one  file  and  the  N2  list  of  the 
other  file. 
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If  the  big  file  ha^  fewer  transistors  of  any  type  than  the  small  file  does,  no  isomor¬ 
phism  exists  between  them.  If  the  big  file  has  the  same  or  more,  we  simply  have  an 
indication  that  isomorphism  may  exist  between  them. 

B.  GATE  LEVEL 

After  the  gate  recognition  process  is  done  to  both  files,  two  linked  lists  exist  for  each 
type  of  gate.  Each  list  contains  gates  of  a  given  type,  one  from  the  big  file  and  another 
from  the  small  file.  The  needed  signatures  come  from  the  taxonomy  which  has  already 
been  performed.  The  identification,  for  example,  of  an  inverter  implies  two  transistors 
(a  p-type  and  a  n-type),  connected  in  a  certain  way  as  it  can  be  seen  in  Figure  .3.1;  the 
gates  connected  together,  as  well  as  the  drains  connected  together.  Source-field  of  p-type 
connected  to  Vdd  and  source-field  of  n-type  connected  to  GND. 

Furthermore,  beside  the  connectivity  implied  by  this  taxonomy,  more  signatures  are 
tested.  The  length  and  the  width  of  each  gate  were  considered  to  be  sufficient  signatures. 
The  length  and  width  preserved,  as  mentioned  in  Chapter  V,  the  lengths  and  widths  of  all 
transistors  that  constitute  a  particular  gate.  Three  comparisons  are  performed  between 
the  lists  of  a  given  type  gates  of  the  two  .sim  files: 

•  Numerical.  If,  for  example,  the  big  file  has  fewer  inverters  than  the  small  one.  no 
isomorphism  exists. 

•  Qualitative  in  lengths.  A  type  of  gate  may  be  numerically  in  order,  between  the 
two  files,  but  the  gates  may  differ.  They  do  not  differ  in  type,  but  in  lengths.  This 
is  the  reason  for  such  a  comparison. 

•  Qualitative  in  widths.  Same  comparisons  are  perfomed,  and  for  the  same  reasons, 
as  stated  before. 
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C.  STRUCTURE  LEVEL 

The  structure  identification  process  results  in  the  creation  of  two  linked  lists,  one 
list  for  the  structures  of  each  file.  Isomorphism  is  verified  by  examining  if  a  structure 
which  exists  in  the  second  file  exists  also  in  the  first.  During  this  procedure,  structures 
with  same  total  number  of  transistors  are  compared.  Four  types  of  comparisons  are 
performed: 

1.  Numerical  comparisons  between  p-type  transistors  that  are  connected  to  Vdd. 

2.  Numerical  comparisons  between  p-type  transistors  that  are  not  connected  to  Vdd. 

•3.  Numerical  comparisons  between  n-type  transistors  that  are  connected  to  GND. 

4.  Numerical  comparisons  between  n-type  transistors  that  are  not  connected  to  GND. 

A  structure  that  consists  of  a  set  of  certain  types  of  transistors  must  exist  in  both 
files  in  order  for  isomorphism  to  be  valid. 
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VIII.  CONCLUSIONS. 


A.  ISOMORPHISM 

The  program,  which  is  provided  within  Appendix  A,  achieves  the  primary  goal  of 
this  thesis.  This  goal  was  to  determine  whether  examination  for  isomorphism  between 
two  files  could  be  performed.  This  goal  was  met  through  the  gate  recognition  process. 
Algorithms  for  each  separate  type  of  gate  were  provided  and  implemented.  This  gate 
recognition  process  gives  the  capability  for  the  program  to  run  in  two  ways,  to  check  for 
isomorphism  or  perform  device  counting.  The  algorithm’s  implementation  and  succesful 
testing  verifies  the  accomplishment  of  the  primary  goal. 

B.  FUTURE  RESEARCH 

Due  to  the  complexity  of  VLSI  circuits,  tools  to  verify  the  correctness  of  a  design 
are  considered  extremely  important.  Their  importance  comes  from  the  additional  design 
time  and  cost  needed  to  correct  design  errors.  This  research  gives  another  tool  to  the 
designer  to  verify  the  correctness  of  the  design.  This  research  is  considered  as  a  part  of 
the  initial  stage  of  a  much  larger  VLSI  design  and  timing  verifier. 
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APPENDIX  A:  PROGRAM  LISTINGS 

A.  GLOBAL  VARIABLES 

**************************  «4>«**«**<«<********>t<****4<%>t< 

*  EMMANOUIL  N.  ZAGOURAKIS  THESIS  MAR  1990  * 

*  This  part  of  the  program  contains  the  common  definitions.  * 

iinclude  <string.h> 
finclude  <stdio.h> 

♦include  <malloc.h> 

*  Macro  definitions.  * 

*******:tHHH!^t*^i*:tHi:ti***t*****iH:*t  ******************************************/ 

♦define  Fxinction 
♦define  TRUE  1 
♦define  FALSE  (!TRUE) 

♦define  IsWhite(x)  ((x*=’\n’)  ||  (x==’  ’)  ||  (x==’\t’)) 

♦define  IsDigit(x)  ((060  <=  x)  ftft  (x  <*  071)) 

♦define  MAXLEN  50 

♦define  MALLOC(x)  ((x  *)  roalloc(si2eof (x))) 

♦define  NUMDEVICE  100 
♦define  NUMTRANS  100 
♦define  ERRTBL  43 

/  *******************************************1‘*******4:********************:4:***** 

*  Transistor  contains  a  pointer  to  the  trans  type;  it  also  contains  pointers  * 

*  to  gate,  source,  drain,  length  and  width  of  the  transistor;  it  also  contains* 

*  a  pointer  to  the  next  transistor  in  the  linked  list.  * 

******^***^i****:^*****^^***^int**iltr^4*****************K*****it‘*****iii*if****if*0******  / 

typedef  struct  transistor 

{ 

char  *type; 
char  *gate; 
char  *source ; 
char  *drain; 
char  *length; 
char  *width; 
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struct  tremsistor  ♦next; 

}  trans; 
trans  ♦newpl; 
trans  ♦newp2; 
trans  ♦newnl; 
trans  ♦newn2; 
trans  ♦curr; 
trans  ♦currl ; 

trans  ♦( structure  [NUMDEVICE] fNUMTRANS]) ; 
trans  ♦ (structure! [NUMDEVICE] [NUMTRANS] ) ; 
trans  ♦ (stack [NUMTRANS] ) ; 
treuis  ♦  (stack!  [NUMTRANS]  ) ; 

/t1l^iJti^:if:tfitt***********:lfi************************’^**************************^‘** 

*  Definitions  of  the  pointers  in  different  gate  structures.  ♦ 

♦♦♦♦♦♦♦♦♦♦  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦**4:*^*  / 

typedef  struct  inverter 

{ 

int  flag; 

char  ♦input; 

char  ♦output ; 

char  ♦length; 

char  ♦width; 

struct  inverter  ♦next; 

}  inv; 


typedef  struct  prechargedinverter 

i 

int  flag; 
char  ♦input; 
char  ♦output ; 
char  ♦phase; 
char  ♦length; 
char  ♦width; 

struct  prechargedinverter  ♦next; 
}preinv; 


typedef  struct  i2phclinverter 

{ 

int  flag; 
char  ♦input; 
char  ♦output ; 
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chair  *php; 
char  *phn; 
char  *length; 
char  *width; 

struct  i2phcl inverter  *next; 
>i2clinv; 


typedef  struct  passgate 

{ 

int  flag: 
char  *terminall: 
char  *terniinal2; 
char  *php: 
char  *phn; 
char  *length: 
char  *width; 
struct  passgate  *next ; 
}pass; 


typedef  struct  nor2gate 

< 

int  flag; 
char  * input  1; 
char  *input2; 
char  ^output ; 
char  *length; 
char  *width; 
struct  nor2gate  *next; 
}nor2; 


typedef  struct  nand2gate 

{ 

int  flag; 
char  * input 1; 
char  * input 2; 
char  ♦output; 
char  ♦length; 
char  ♦width; 
struct  nand2gate  ♦next ; 
}nand2; 
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typedef  struct  prenand2gate 

•C 

int  flag; 
char  * input  1; 
ch?.r  *.’r!p"t?; 
char  *phase; 
char  *output; 
char  * length; 
char  *width; 

struct  prenand2gate  *next ; 
}prenand2 ; 


typedef  struct  prenor2gate 
•[ 

int  flag; 
char  * input 1 ; 
char  * input 2; 
char  ♦phase; 
char  ♦output; 
char  ♦length; 
char  ♦width; 

struct  prenor2gate  ♦next; 
}prenor2; 


typedef  struct  temporary 

char  type  [MAXLEN+1] ; 
char  gate [MAXLEN+1] ; 
char  source [HAXLEN+1] ; 
char  drain [MAXLEN+1] ; 
char  length [MAXLEN+1] ; 
char  width [MAXLEN+1] ; 

}  tem; 
tem  ♦temp ; 

/*;)<«««  ««♦♦*♦♦♦♦♦  ♦♦♦^^^♦♦♦♦^‘^^♦♦♦*>|c«****  ♦♦♦♦♦****  *«♦♦♦♦♦♦*«*«*:(<  ♦♦♦♦:«<♦«* 

♦  Definitions  for  head  and  tail  pointers  of  the  different  linked  lists.  ♦ 

typedef  struct  header 

{ 

int  length; 

struct  transistor  ♦head,  ♦tail; 
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}  head.type; 
head.type  *headGr.iiGW ; 
hGad_typG  *hGadGrl_nGw; 
hGad.typG  *hGadGr_nGwp ; 
hGad.typG  *hGadGr_nGwn ; 
hGad.typG  *hGadGrl_nGwp; 
hGad_typG  *hGadGrl_nGwn; 
hGad_t3rpG  *hGadGr_nGwpl ; 
hGad.typG  *hGadGr_nGwp2 ; 
hGad_typG  *hGadGr_nGwnl ; 
hGad.typG  *hGadGr_nGwn2 ; 
hGad.typG  *hGadGrl_nGwpl ; 
hGad.typG  ♦hGadGrl_nGwp2; 
hGad_typG  ♦hGadGrl.nGwnl ; 
hGad.typG  ♦haadGrl_nGwn2; 


typGdGf  struct  hGadinv 

{ 

int  iGngth; 

struct  invGrtGr  *hGad,  ♦tail; 

}invG; 

invG  *hGad_inv; 
invG  ♦haadl.inv; 

typodGf  struct  hGadprainv 

int  iGngth; 

struct  prGchargQdinvGrtGr  ♦haad,  *tail; 
>prGinvG; 

prGinvG  *h6ad_prsinv : 
prGinvG  *hGadl_preinv; 


typGdGf  struct  hGad2clinv 
int  iGngth; 

struct  i2phclinvGrtGr  ♦hGad,  *tail; 
}i2clinvG; 

i2clinvG  *hGad_2clinv; 
i2clinvG  *hGadl_2clinv; 


typGdaf  struct  haadpass 

{ 
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int  length; 

struct  passgate  *head,  •tail; 
}passg; 

passg  •head.pass; 
passg  *headl.pas5; 


typedef  struct  headnor2 
int  length; 

struct  nor2gate  *head,  *tail; 
}nor2g; 

nor2g  •head_nor2; 
nor2g  ♦headl_nor2; 


typedef  struct  headnand2 
int  length; 

struct  nand2gate  *head,  *tail; 
}nand2g ; 

nand2g  *head_nand2; 
nand2g  •headl_nand2; 


typedef  struct  headprenand2 
int  length; 

struct  prenand2gate  •head,*tail; 
}prenand2g ; 

prenand2g  •head_prenand2 ; 
prenand2g  *headl_prenand2; 


typedef  struct  headprenor2 
int  length; 

struct  prenor2gate  *head,  ♦tail; 

}prenor2g ; 

prenor2g  *head_prenor2 ; 
prenor2g  •headl_prenor2; 

*  Global  vecriables.  *  * 

*  «  *  4i  *  <1 1  41 «  *  *  4>  41  *  « itc  « 1)1  *  «  4c  4c  ^  4c  *  «  *  :ti  :ti  :|i  :ti  :4c  :)<  •  *  *  *  *  «  *  *  41  *  >)<  i|c  *  « / 
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FILE  *fp;  /*  pointer  to  the  input  big  .sim  file  */ 

FILE  *cp:  /*  pointer  to  the  input  small  file  */ 

FILE  *fo;  /*  pointer  to  the  detailed  output  file  */ 

FILE  *fopen(); 

FILE  *fclose(); 

char  buffer [MAXLEN+ 1] ; 
char  blank [MAXLEN+l] ; 

/4i*4i*4c*iti*4[*******4i4i***4i*:tt**«4i4i**4[**iti*«>|i*«4i4i**i^4t**^***4i4e4i**4<**************** 

*  Integer  declarations.  * 

*iti**«>tc4c:»***:ti*4i«**4i*»4<********4>**«*«it<******«**4i*4'4i«**:4i**«***4i****X>Ki********/ 

int  pl,p2,nl,n2; 
int  rec; 

int  totallength; 
int  totalwidth; 
int  pcount[NUMDEVICE] ; 
int  plcoxint  [NUMDEVICE]  ; 
int  p2count [NUMDEVICE] ; 
int  ncount [NUMDEVICE] ; 
int  nlco\int  [NUMDEVICE]  ; 
int  n2count [NUMDEVICE] ; 
int  tcount [NUMDEVICE] ; 
int  pcountl [NUMDEVICE] ; 
int  plcountl [NUMDEVICE] ; 
int  p2countl [NUMDEVICE] ; 
int  ncount 1 [NUMDEVICE] ; 
int  nlcountl [NUMDEVICE] ; 
int  n2countl [NUMDEVICE] : 
int  t count 1 [NUMDEVICE] ; 
int  numdevice,numdevicel ; 
int  St acknum , s t acknum 1 ; 
int  numtrans ,numtransl ; 
int  ground; 
int  numn.nump; 
int  numpl,nuinnl; 

/*4i4i**«***i|c*4i«4[***«4i4[*4ii|i4t***«4[4i*:|t**4t******«****4i*4t**4iitc*«*4i****4c:t<4[4i4r:4<4:**.^*:»««4c 

*  External  functions.  * 

**«*«**«*:ti*«*«4i4i***:t<«)ti*<»******4i********«*>»*%*****«********4:***>|i*4<i»«4'*4i*****«/ 

extern  head.type  ♦createO; 
extern  inve  *createinv() ; 
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extern  trans  ♦nevnodeO ; 
extern  inv  ♦NewInvertO ; 
extern  preinv  *NewPreinv() ; 
extern  preinve  *createpreinv() ; 
extern  pass  *NeHPass(): 
extern  passg  *createpass() ; 
extern  i2clinv  *New2clinv() ; 
extern  i2clinve  *create2clinv() ; 
extern  nor2  *NeHnor2(); 
extern  nor2g  *createnor2() ; 
extern  nand2  *Newnand2(); 
extern  nand2g  *createnand2() ; 
extern  prenand2  *Newprenand2() ; 
extern  prenand2g  *createprenand2() ; 
extern  prenor2  *NeMprenor2() ; 
extern  prenor2g  *createprenor2() ; 

/**:^*:ti*i|I^),^H|L:^^^l^^^^LW:*********^i******************************************* 

*  Error  messages  issued  by  the  program.  * 

*«***4i**>|c>ti*********4i>t<***«**********«*«*************4<*«*««********«****/ 

static  char  *msgtbl [ERRTBL]  =  { 

"Reference  file  format  error  in  field  1", 

"Reference  file  format  error  in  field  2,  unit:", 

"The  system  run  out  of  storage  space.  ", 

"Reference  file  format  error  in  field  tech:", 

"Reference  file  format  error  in  filed  scmos  ", 

"Enter  first  the  big  .sim  file  and  then  the  small  .sim  file.", 

"No  isomorphism!  The  big  file  has  less  p  trans.  w/o  Vdd  than  the  small  file." 

"No  isomorphism!  The  big  file  has  less  p  trans.  with  Vdd  than  the  small  file. 

"No  isomorphism!  The  big  file  has  less  n  trans.  w/o  GND  than  the  small  file." 

"No  isomorphism!  The  big  file  has  less  n  trauis.  with  GND  than  the  small  file. 

"No  isomorphism!  The  big  file  has  less  inverters  than  the  small  file.", 

"No  isomorphism!  An  small  file’s  inverter  doesn’t  match  with  any  of  the  big. 
"No  isomorphism!  The  small  file  has  inverters  but  the  big  hasn’t.", 
"*********The  files  are  isomorphic  in  inverter  structures.*************", 

"No  isomorphism!  The  big  file  has  less  2ph. clock  inverters  than  the  small  one 
"No  isomorphism!  A  small  file’s  2ph. clock  inverter  doesn’t  match  with  the  big 
"No  isomorphism!  The  small  file  has  2ph.  clock  inverters  but  the  big  hasn’t." 
"*******The  files  are  isomorphic  in  2ph.  clock  inverter  structures.****", 

"No  isomorphism!  The  big  file  has  less  N0R2  gates  than  the  small  file.", 

"No  isomorphism!  A  small  file’s  N0R2  gates  doesn’t  match  with  any  of  the  big. 
"No  isomorphism!  The  small  file  has  N0R2  gates  but  the  big  hasn’t.", 
"4i*****«*«4[«7he  files  are  isomorphic  in  N0R2  gate  structures.**********", 

"No  isomorphism!  The  big  file  has  less  NAND2  gates  than  the  small  file.". 
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"No  isomorphism!  A  small  file’s  NAND2  gates  doesn’t  match  with  any  of  the  big 
"No  isomorphism!  The  small  file  has  NAND2  gates  but  the  big  hasn’t.", 
"**itc*«*«*4c«**The  files  are  isomorphic  in  NAND2  gate  structures.********", 

"No  isomorphism!  The  big  file  has  less  PRECH.  NAND2  gates  than  the  small  one. 

"No  isomorphism!  A  small  file’s  PRECH.  NAND2  gates  doesn’t  match  with  the  big 

"No  isomorphism!  The  small  file  has  PRECH.  NAND2  gates  but  the  big  hasn’t.", 
"*******The  files  are  isomorphic  in  PRECH.  NAND2  gate  structures.******", 

"No  isomorphism!  The  big  file  has  less  PRECH.  N0R2  gates  than  the  small  file. 
"No  isomorphism!  A  small  file’s  PRECH.  N0R2  gates  doesn’t  match  with  the  big. 
"No  isomorphism!  The  small  file  has  PRECHARGED  N0R2  gates  but  the  big  hasn’t. 
"********The  files  are  isomorphic  in  PRECH.  N0R2  gate  structures.*******", 

"No  isomorphism!  The  big  file  has  less  PASSGATES  than  the  small  file.", 

"No  isomorphism!  A  small  file’s  PASSGATES  doesn’t  match  with  any  of  the  big. 
"No  isomorphism!  The  small  file  has  PASSGATES  but  the  big  hasn’t.", 
"**«*«***4i4c7he  files  are  isomorphic  in  PASSGATE  structures.*************", 

"No  isomorphism!  The  big  file  has  less  PRECH.  inv.  gates  than  the  small  one." 

"No  isomorphism!  A  small  file’s  PRECH.  inv. doesn’t  match  with  any  of  the  big. 

"No  isomorphism!  The  small  file  has  PRECH.  inverter  gates  but  the  big  hasn’t. 
"********The  files  are  isomorphic  in  PRECH.  inverter  structures.****", 
"********The  files  are  isomorphic  in  number  of  transistors.  ************" 

}; 


*  This  program  takes  as  input  2  files  in  .sim  format  and  tries  to  find  * 

*  if  isomorphism  exists  between  the  two  files.  This  is  done  by  examining  * 

*  the  existence  of  certain  gate  structures  and  by  comparing  the  number  * 

*  of  each  kind  of  gate.  If  we  consider  the  first  file  bigger  thaui  the  * 

*  second  it  won’t  be  isomorphism  if  eg.  the  small  file  has  more  inverters* 

*  than  the  big  file.  * 

*  It  can  also  be  used  as  a  verifier  of  VLSI  layouts  if  we  know  in  advance* 

*  of  the  test  how  many  gates  of  a  certain  kind  exist  in  the  layout.  In  * 

*  case  a  mistadse  of  any  kind  may  have  occured  in  a  certain  gate, the  total* 

*  number  of  gates  of  that  kind  will  be  less  them  expected.  * 

*  The  results  exist  in  two  files.  The  first  is  the  "output"  file  which  * 

*  gives  us  more  details  about  each  gate  which  was  identified  (such  as  * 

*  input , output , phase  e.t.c.).  The  second  is  the  "isooutput"  which  give  us* 

*  only  the  number  of  gates  identified  by  the  program,  indexed  by  file  emd* 

*  by  kind  of  gate.  * 

**************************************************♦******♦♦***♦*♦♦♦♦♦**♦♦♦/ 


iinclude  "headers. h" 


Function  mainCairgc.argv) 


int  argc; 
char  ♦*argv; 

< 

int  refok.simok; 
int  rec; 

ref ok=simok=FALSE ; 
rec=0 ; 

strcpy (blank, "  "); 

if  ((argc  >  3) I  I (argc==l))  { 
error (5) ; 
exit(l)  ; 

} 

if(argc==2)  rec=l; 

create_head() ;  /♦  for  header  nodes  */ 

fp  =  fopen(argv[l] ,"r") :  /*  file  from  the  big  layout  */ 

fo  =  fopenC'output" ,  "w") ; 

strcpy (buffer .blank) ; 
ref ok  =  proper (fp); 
if  (refok  TRUE)  < 

fprintf(fo, "***********  FIRST  file  (L2a-ge  one)  *********\n") ; 

temp=MALLOC(tem) ; 

transistor(fp) ; 

printtreinsO  ; 

pl=header_newpl->length ; 

p2=header_newp2->length ; 

nl=header_newnl->length ; 

n2=header_newn2->length ; 

compareinvO  ; 
print_inv() ; 
headl_inv=head_inv ; 
head_inv=createinv() ; 

comparepassO  : 
print_pass() ; 
headl_pass=head_pass ; 
head_pass=createpass() ; 
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compare2clinv() ; 
print_2clinv() ; 
headl_2clinv=head_2clinv ; 
head_2clinv=create2clinv() ; 

compeLrenor2 () ; 
print _nor2() ; 
headl_nor2*head_nor2 ; 
head_nor2=createnor2() ; 

comparenand2() ; 
print_nand2() ; 
hQadl_nand2*head_nand2 ; 
head_nand2®creatGnand2() ; 

compareprechargedO  ; 
print _prenand2() ; 
print_prGnor2() ; 
hGadl_prGnand2=hGad_prGnand2 ; 
hGad_prGnand2=crGatGprGnand2() ; 
hGadl_prGnor2=hGad_prGnor2 ; 
hGad_prGnor2=craatGprGnor2() ; 

comparGprGinvO ; 
print.prainvO ; 
hGadl_prGinv*hGad_prGinv ; 
hGad_prGinv*crGatGprGinv() ; 

/*****^i:^ltl0:^4‘***********************************************************^c***** 

*  MargG  two  lists  pi  and  p2.  * 

hGadGrl_nGwp->lGngth  =  hGadGr_nGwp2->lGngth  +  hGadGr_nGwpl->length; 
hGadGrl_nswn->lGngth  =  hGadGr_nswn2->lsngth  +  hGadGr_nGwnl->lGngth; 
if (hGadGr_newpl->lGngth  ==0)  { 

(hGadGr_nGwpl->hGad)  *  hGadGr_n6wp2->hGad ; 

(hGadGr_nGwpl->tail)  *  hGadGr_nGwp2->tail ;> 

gIsg  { 

(hGadGr_nQwpl->tail)->nGXt  =  hGadGr_nswp2->hGad; 

> 

hGadGrl_nGwp->hGad  =  hGadGr_nGwpl”>hsad; 
hGadGrl_nGwp->tail  *  hGadGr_nGwp2->tail; 

if (hGadGr_nswnl->lGngth  ==0)  { 

(hGadGr_nGwnl->hGad)  «  hGadGr_nGwn2->hGad; 

(hsadsr_newnl->tail)  «  hGad0r_nGwn2->tail;> 
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else  { 


(header_newnl->tail)->next  ®  header _newn2->head; 

} 

header l_newn->head  =  header_newnl->head; 
headerl_newn->tail  =  header _newn2->tail ; 
header_newpl->length=header_newp2->length=0; 
header _newn 1 - > 1 ength=header _neHn2->length=0 ; 

comparestructuresK) ; 
print.structuresK) ; 

if  (argc==3)  { 

cp  =  fopen(argv[2] ,"r") ;  /*  file  from  the  reference  layout  */ 

simok=proper(cp) ; 

} 

else  exit(O) ; 

fprintfCfo, "**♦**♦*♦***  SECOND  file  (Small  one)  ♦********\n") ; 
if((simok  ==  TRUE)44(rec!=l))  {  /*  rec==l  when  we  have  one  file  */ 

strcpyCbuffer, blank) ; 

trauisistor(cp) ;  /*  create  trans  lists  */ 

printtransO ;  /♦  print  trans  lists  */ 

isotransO  ; 

compareinvO ; 
print. inv() ; 

if ((headl.inv->head!=NULL)&&(head.inv->head!*NULL) )  isoinvO ; 
else  if ((head_inv->head!=NULL)&&(headl.inv->head®=NULL))  error(12) ; 
head_inv=createinv() ; 

comparepassO ; 
print.passO  ; 

if ( (headl_pass->head ! =NULL)ft&(head_pass->head! =NULL) )  isopass ( ) ; 
else  if ( (head_pass->head ?  =NULL)&&(headl_pass->head==NULL) ) 
error (36) ; 

head_pass*createpass() ; 

compare2clinv() ; 
print_2clinv() ; 

if ( (headl_2clinv->head ! =NULL)ftft(head_2clinv ! =NULL) ) 
iso2clinv() ; 

else  if ((headl_2clinv->head!*NlJLL)tft(head_2clinv->head==NULL)) 
error(16) ; 

head_2clinv=create2clinv() ; 


comparenor2() ; 
print _nor2()  ; 

if ((headl_nor2->hGad!=NULL)#:ft(head_nor2->head!=NULL))  isonor2() ; 
else  if ( (hGad_nor2->head ! =NULL)ftft (headl_nor2->head==NULL) )  error (20) 
head_nor2=createnor2() ; 

compaLrenand2() ; 
print_nand2() ; 

if ((headl_nand2->head!=NULL)ft&(head_nand2->head!=NULL))  isonand2() ; 
else  if ( (head_nand2->head ! =NULL)ftft (headl_nand2->head==NULL) ) 
error (24) ; 

head_nand2screatenand2() ; 

compareprechargedO ; 
print _prenand2() ; 
print_prenor2() ; 

if ( (headl_prenand2->head ! =MULL)ftft (head_prenand2->head ! =NULL) ) 
isoprenand2() ; 

else  if ( (head_prenand2->head ! =NULL) tft (headl _prenand2->head==NULL) ) 
error (28) ; 

head_prenand2=createprenand2() ; 

if ((headl_prenor2->head!=NULL)&ft(head_prenor2->head!=NTJLL) ) 
isoprenor2() ; 

else  if ((head_prenor2->head!=NULL)ftft(headl_prenor2->heada=NULL) ) 
error (32) ; 

head.prenor2*createprenor2() ; 

comparepreinvO ; 
print.preinvO  ; 

if ( (headl _preinv->head ! =NULL)ftft(head_preinv->head ! =NULL) ) 
isopreinvO  ; 

else  if ((head_preinv->head!=NULL)ftft(headl_preinv->head==NULL) ) 
error(40) ; 

head_preinv=createpreinv() ; 

comparestructuresO  ; 
print_structures() ; 
isostructures  0 ; 

} 

} 

f close(fp)  ; 
f close(cp) ; 
fclose(fo) ; 

} 
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/^Hl**************************:*************************************^,** 

*  This  function  cleao’S  structures  of  transistors.  * 

^H^^i^fi:tH:i1HHi*1^*^^t^l^^****^^***^HHHH^**^^*****^H^^^*^i***t**^^i*******************/ 

Function  trans  *clean(tranptr) 
trans  *tranptr; 

{ 

strcpy(tranptr->type,  "  "); 
strcpy(tranptr->gate, blank) ; 
strcpy(tranptr->sourc9, blank) ; 
strcpy(tranptr->drain, blank) ; 
strcpy(tranptr->length, blank) ; 
strcpy(tranptr->width, blank) ; 
tranptr->next  =  NULL; 

} 

/it[«i|[««*iti«itc4i«««:»itii|e««**iti****4<********4i4c***«4i*««**iti*****«*<i**«*4i4i«<t*** 

*  This  function  removes  all  elements  of  a  linked  list.  * 

it:*****^l**************^t*************llf*******^f****^iit:****************  / 

Function  cleanlist (first) 
trans  ♦first; 

{ 

trans  ♦current,  ♦next; 
current  =  first; 

while (current  !=  NULL){  next  =  current->next; 

free (current) ; 
current  =  next; 

> 

> 


/♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦**♦*♦♦♦*************♦******♦♦♦♦♦♦* 


♦  This  function  builds  indirectly  the  4  transistor  lists  which  aire:  ♦ 

♦  1 •  P  transistors  with  Vdd  in  either  source  or  drain  fields  ♦ 

♦  2.  p  transistors  w/o  Vdd  in  either  source  or  drain  fields  ♦ 

♦  3.  n  transistors  with  GND  in  either  source  or  drain  fields  ♦ 

♦  4.  n  transistors  w/o  GND  in  either  source  or  drain  fields  ♦ 


Function  transistor(p) 

FILE  ♦p; 
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while (TRUE)  { 

fscanf  (p,"’/,s"  .buffer) ; 
if ((strcmp (buffer ,"p"))==0)  { 
strcpy(temp->type, buffer) ; 

ptransistor(p) :  /*  put  in  appropriate  list  */ 

> 

else  if ((strciPp(.buffer,"n"))==0)  { 
strcpy(temp->type, buffer) ; 
ntransistor(p) ; 

> 

else  break; 

}  /*  end  while  */ 

> 


*  This  function  builds  the  2  link  lists  of  p  type  transistors.  * 

*  It  also  places  the  "Vdd"  label  in  source  field  in  case  it  exists  in  the  * 

*  drain  field,  in  order  to  simplify  all  later  comparisons  between  transistors* 

*  which  are  needed  to  identify  all  kind  of  gates.  * 

Function  ptransistor(p) 

FILE  *p; 

{ 

trans  *currl ,*curr2: 
int  done; 

currl=header_newpl->tail;  /*  pi  not  connecting  to  Vdd  */ 

curr2=header_newp2->tail ;  /♦  p2  are  those  connect  to  Vdd  */ 

done=FALSE; 

whileddone)  { 

f  scanf  (p , "7,s  y,s  */,s  "  ,temp->gate,temp->source,temp->drain) ; 
fscanf  (p,"7,s  '/.s  "  ,temp->length,temp->width)  ; 
fscanf  (p,"*/,s"  .buffer)  ; 
fscanf  (p,"*/.s", buffer)  ; 

if ( ( (8trcmp(temp->source , "Vdd") )==0) 1 1 ( (strcmp (temp->drain , "Vdd") )==0) ) 

{ 

header_newp2->length++ ; 
newp2  =  newnodeO; 

newp2->type=malloc(si2eof (char)  ♦  strlen(temp->type)+l) ; 
newp2->gate=malloc(sizeof (char)  *  strlen(temp->gate)+l) ; 
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newp2->length=malloc(sizeof (char)  *  strlen(temp->length)+l) ; 
newp2->width=inalloc(sizeof  (chair)  *  strlen(temp->width)  +  l) ; 

strcpy(newp2->type,temp->type) ; 
strcpy(newp2->gate,temp->gate) ; 
strcpy(newp2->length,temp->length) ; 
strcpy(newp2->width,temp->width) ; 

if ( (strcmp (temp->sourcG , "Vdd") )==0)  { 

newp2->source=malloc(sizeof (char)  *  strleii(tGmp->source)+l) ; 
newp2->drain=malloc(sizeof (char)  *  strlen(temp->drain)+l) ; 

strcpy (newp2->source ,temp->source) ; 
strcpy (newp2->drain,temp->drain) ; 

} 

else  { 

newp2->source=malloc(sizeof  (chair)  *  strleii(temp->drain)  +  l)  ; 
newp2->drain=malloc(sizeof (char)  *  strlen(tGinp->source)+l) ; 
strcpy (newp2->source ,temp->drain) ; 
strcpy (newp2->drain,temp->source) ; 

}  /*end  else  */ 

/«4:**««««4<>tiit>*4<«**’t"K*4<**4'4<***4'4i**«*«««**<l<******%***K>*«**********'4‘#*****«****it<4<>t< 

*  Is  this  the  first  entry  in  the  list?  * 

**^^^*t********************* *  -»♦*♦**♦♦**♦***♦♦**♦**♦**♦**♦****♦***♦♦***♦***♦♦*♦/ 

if (header_nGwp2->head  ==  NULL)  { 

header_newp2->head=newp2 ; 
header_newp2->tail*newp2 ; 

} 

else  { 

header_newp2->tail=newp2; 
curr2->next=newp2 ; 

> 

} 

else  i 

neader_newpl->length++ ; 
newpl=newnode() ; 
if (header_newpl->head==NULL)  { 
header _newpl->head=newpl ; 
header_newpl->tail=newpl ; 

} 

else  { 

header_newpl->tail=newpl ; 
currl->next=newpl ; 
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neBpl->type=malloc(si2eof (char)  *  strlen(temp->type)+l) ; 
newpl->gatG=malloc(si2eof (char)  *  strlen(tGmp->gate)+l) ; 
nGwpl->source=malloc(si2eof (char)  *  strl6n(temp->source)+l) ; 
newpl->drain*malloc(si2eof (char)  ♦  8trlen(temp->drain)+l) ; 
newpl->lGngth=inalloc(si2eof (char)  *  strlen(temp->length)+l) ; 
newpl->width=malloc(si2eof (char)  *  strlen(tGmp->width)+l) ; 

strcpy(newpl->type,"p") ; 
strcpy(newpl->gate,temp->gate) ; 
strcpy(newpl->sourcG,temp->sotircG) ; 
strcpy(nGwpl->drain,t©mp->drain) ; 
str cpy (newpl->length , temp->length) ; 
strcpy (newpl ->width , t6mp->width) ; 

} 

don6=TRUE ; 

} 

> 


/***t*************:*******************************************iiilcit*^,ic********** 

*  This  function  builds  the  2  link  lists  for  the  n  type  transistors.  ♦ 

*  It  also  places  "GND"  label  in  the  source  field  in  case  it  is  in  the  drain* 

*  field.  ♦ 

***iti]tc***«***4<********4i**iti*iti***4i*4r*«*4i4i4i**********itiiti4i*****>|iiti******itc*««*****««/ 

Function  ntransistor(p) 

FILE  *p: 

{ 

trans  *currl ,*curr2; 
int  done; 

currl=header_newnl->tail ; 
curr2=header_newn2->tail ; 
done=FALSE; 
whiled  done)  •( 

f  scanf  (p,  "'/,s"  ,tenip->gate)  ; 
f scanf  (p, "*/,s"  ,temp->source) ; 
fscanf  (p,"7,s"  ,temp->drain) ; 
f scanf  (p,"7.s"  ,temp->length) ; 
fscanf  (p,"*/.s" ,temp->width) ; 
fscamf  (p,"'/.s"  .buffer) ; 
fscanf  (p, "7, s"  .buffer) ; 

if ( ( (strcmp(temp->source . "GND") )==0) 1 1 ( (strcmp(temp->drain . "GND" ) )==0) ) 
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{ 

hGader_newn2->length++ ; 
newn2  -  newnodeO  ; 

nGwn2->type=malloc(sizeof (char)  *  strlen(temp->type)+l) ; 
newn2->gate=malloc(sizeof (char)  ♦  strlGn(t0mp->gate)+l) ; 
newn2->length=malloc(sizeof (char)  ♦  strlen(temp->length)+l) ; 
nGwn2->width=malloc(sizeof (char)  *  strlen(temp->Hidth)+l) ; 

strcpy(nGwn2->typG,temp->typG) ; 
strcpy(newn2->gate,temp->gate) ; 
s t  r  cpy (newn2 - > 1 ength , t  emp - >1 ength ) ; 
strcpy(newn2->width,tGmp->width) ; 

if ( (strcmp (temp->source , "GND" ) )==0)  { 

newn2->source=malloc(sizeof (char)  ♦  strlen(temp->source)+l) ; 
newn2->drain=malloc(sizeof (char)  *  strlen(temp->drain)+l) ; 
str cpy (newn2->drain , temp->drain) ; 
strcpy  (nGwii2->source  ,tGmp->sourcG)  ; 

} 

else 

newn2->source=malloc(sizeof (char)  *  strlen(temp->drain)+l) ; 
newn2->drain=malloc(sizeof (char)  *  strlen(tGmp->source)+l) ; 
strcpy (newn2->source,temp->drain) ; 
strcpy (newn2->drain , temp->source) ; 

>  /*  end  else  ♦/ 

*  Is  this  the  first  entry  in  the  list?  * 

*^,it:Hii^i^**it:^,^t^f^f^L^H,^i^7t,:tl**************************************************/ 

if  (header _newn2->head  ==  NULL)  { 
header_newn2->head=newn2 ; 
header_newn2->tail=newn2 ; 

} 

else  { 

header_newn2->tail=newn2 ; 
curr2->next=newn2 ; 

} 

} 

else  { 

header_newnl->length++ ; 
newnl=newnode() ; 
if (header_newnl->head==NULL)  { 
header_newnl->head=newnl ; 
header_newnl->tail=newnl ; 
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> 


else  { 

header_newnl->tail=newnl ; 
currl->next=newnl ; 

} 

newnl->type=malloc(sizeof (char)  *  8trlen(teiap->type)+l) ; 
neiml->gate=malloc(8izeof  (char)  *  8trleii(temp->gate)+l)  ; 
newnl->source=malloc(sizeof (char)  *  strlen(temp->80urce)+l) ; 
newnl->drain=malloc(8izeof (char)  *  8trlen(temp->drain)+l) ; 
newnl->length=nialloc(8izeof  (char)  •  8trlexi(temp->length)+l) ; 
newnl->width=malloc(sizeof (char)  •  8trlen(temp->width)+l) ; 
strcpy(newnl->type,temp->type) ; 
strcpy(newnl->gate,temp->gate) ; 
strcpy(newnl->source,teinp->source) ; 
strcpy(newnl->drain,tenip->drain)  ; 
strcpy(newnl->length,temp->length) ; 
strcpy(newnl->width,temp->width) ; 

} 

done=TRUE ; 

} 

} 
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B.  GATE  RECOGNITION  PROCESS 


/^L************************************************************************** 

*  This  function  identifies  the  inverters  amd  places  them  in  a  linked  list  * 
*♦**♦*♦*******♦********♦**♦♦********♦♦***♦***♦♦***♦***♦*********♦****♦*****/ 

♦include  "headers. h" 

Function  compareinvO 

{ 

int  done; 
int  complete; 
int  stop; 

int  totallength; 
int  totalwidth; 

trans  *first .♦second; 
trans  ♦prevl ,*prev2; 
inv  *curr; 
inv  *hewinv; 

f irst=header_newp2->head; 
second=header,newn2->head ; 
prevl*f iirt ; 
prev2=second; 

totallength=totalwidth=0; 

stop=FALSE; 

while( (first !*NULL)ftft(stop==FALSE))  {  /*  search  through  the  transistor  ♦/ 

complete=FALSE ; 
done=FALSE; 

while((second!=NULL)ft&(!done))  { 

if (((strcmp(f irst->gate,second->gate))==0)ftt  /*  is  it  an  inverter?  ♦/ 
((strcmpCf irst->drain,second->drain))==0))  { 

head_inv->length++;  /♦  increment  the  length  of  link  list  for 

printing  purposes  */ 

curr=head_inv->tail ; 
done=TRUE ; 

newinv=NewInvert() ;  /•  create  a  node  in  the  link  list  to  hold 

the  informations  about  the  found 
inverter  */ 

if (head_inv->head=*NULL){  /*  is  this  the  first  entry  in  the  list?  */ 


head_inv->head=newinv ; 
hGad.inv->tail=newinv ; 

} 

else  {  /♦if  this  is  not  the  first  entry  it  is 

the  last  entry  */ 

head_inv->tail=newinv; 
curr->next*newinv ; 

} 

♦  allocate  needed  space  for  the  appropriate  data  ♦ 

^i:^Hi^it^m^L^l:^^,^i^HH^^i^HH^^^^H^***^H^**********************************************/ 

nGwinv->input=malloc(sizeof (char)  *  strlenCf irst->gate)+l) ; 
neHinv->output=malloc(sizeof (char)  *  strlen(f irst->drain)+l) ; 

/  41  :tc 4c :tl *  %  4c  :|i  :|l  4l  4: 4c 4l «  ^ « 41 4l  ^  4i % # 41  :|c «  *  Itt  :ti  41  :tl 4l  1)1  ;|c  ^ 4c  <[  <[  4:  i(i  :(c :fi  Ift  ifc  :(c  :4c  ]<[  4: :ti  :(c 

♦  place  the  data  * 

4c  4c  4c  4c  4c  4c  4c  4>  4c  4c  4c  4c  4c  4c  4c  *  41 4c  4c  4c  4c  4c  4c  4c  41 4c  4c  4c  4c  4  4c  4c  4c  4c  4c  4c  4c  4c  4  4<  4c  4c  4c  4>  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  41 4c  4c  4c  4c  4c  *  4c  4c  4c  4c  4c  4c  4c  4>  / 

strcpy(newinv->input ,f irst->gatG) ; 
strcpy(newinv->output ,f irst->drain) ; 
if ((strcmp(f irst->length,second->length))==0)  { 

newinv->length=inalloc(sizeof (char)^  strlen(f irst->length)+l) ; 
strcpy(newinv->length,first->length) ; 

} 

else  { 

totallength»(8trlen(f irst->length)+strlen(8econd->length)+2) ; 
newinv->length=malloc(si2eof (char)+  (totallength)+l) ; 
strcpy (newinv->length , f irst->length) ; 
strcat(newinv->length," — ") ; 
street (newinv->length , second->length) ; 

} 

if ( ( stremp (f irst->width , second-> width) ) ==0)  { 
newinv->width=malloc(sizeof (char)^  strlen(f irst->width)+l) ; 
strcpy (newinv->width,first->width) ; 

} 

else  { 

totalwidth=(strlen(f irst->width)+strlen(8econd->width)+2) ; 
newinv->width=malloc(sizeof (char)  ♦  (totalwidth)+l) ; 
strcpy (newinv->width,first->width) ; 
street (newinv->width," — ") ; 
street (newinv->width , 8econd->width) ; 

} 

/4c4c4ci»*4c4c4c4c*«4c4c4c*4c***4c4c4c4c**4c****4c4c4c4c***4c4c4c4c*4cc*4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c4c 

♦  Remove  the  transistors  that  now  constitute  an  inverter.  Delete  the  used+ 

♦  transistors  and  decrease  the  transistors  lists'  length.  ♦ 

*4c4c*4c4c4c4c4c**4c4c4c4c***4c4c*4c*:»4c**4c4c4c4c4c4c**4c4c4c**4c4c*4c4c4c4c4c4c4c*:»4c4c4c4c4c4c4c4c4c4c4c4c4cc*4c4c4c4c4c4c4c/ 

if (header _newn2->tail==second)  { 
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header_newn2->tail=prev2 ; 
prev2->rext=NULL ; 
complGte=TRUE; 

} 

if (header _newn2->haad==second)  { 
header _newn2->head=second->next; 

} 

if ( (second ! =prev2) ft& (complete ! =TRUE) )  { 
prev2->next=prev2->next->next ; 
second=second->next ; 

} 

else  { 

prev2=prev2->next ; 
second®second->next ; 

} 

if (header_newp2->tail==first)  { 
stop=TRUE ; 

header_newp2->tail=prevl ; 
prevl->next=NULL ; 

} 

if  (header_newp2->head==f irst)  •( 
header_newp2->head=f irst->naxt; 

} 

if ( (f ir St ! =prev 1 ) ftft (stop ! =TRUE) )  { 
prevl->next=prevl->next->next ; 
f irst®f irst->next ; 

> 

else  { 

prevl=prevl->next ; 
f irst=f irst->next ; 

} 

header_newp2->length — ; 
header_newn2->length — ; 
curr=head_inv->tail ; 

} 

else  { 

prev2=second; 
second=second->next ; 

} 

> 

if ( (header _newp2->length==0)ftft(header_newn2->length=«0) )  break ; 
if (done!=TRUE)  { 
prevl®f irst; 
f irst®f irst->next ; 

> 
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second*header_newn2->head ; 
prev2=second; 

} 

} 


*  This  function  identifies  the  precharged  inverters  and  places  in  a  link* 

*  list.  * 

**********#**********<*************4i4c*****4i**4i4i*4i*«*iti**4i4i*****itc4:******:ti«4<**/ 

Function  comparepreinvO 
-[ 

int  end; 
int  done; 
int  complete; 
int  stop; 

trans  *first,  *second,  *third; 
trans  *prevl.  *prev2,  *prev3; 
preinv  *currl; 
preinv  *newpreinv; 

first*header_newp2->head; 
second*header_newnl->head ; 
third=header_newn2->head; 

prevl=f irst ; 

prev2=second; 

prev3=third; 

totallength=totalwidth=C ; 
stop=FALSE ; 

whileCCfirst  !=NULL)ft&(stop  ==  FALSE))  {  /♦  seeirch  through  the  transistor 

list  to  find  a  precharged  inv.*/ 

complete=FALSE ; 
done=FALSE; 

while((second  !»NULL)ftft( !done))  { 
end»FALSE; 

while ( (third !=NULL)4ft( lend))  { 

if (((8trcmp(first->gate,third->gate))=*0)&ft  /*  is  it  a  prech.  inv.?*/ 
((strcmpCf irst->gate,second->gate)) !®0)ftft 
( (strcmp (f irst->gate ,f irst->drain) ) ! =0)ft& 
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((strcmpCf irst->gate,third->drain)) !=0)ftft 
( (strcmp(sGcond->gate , second->drain) ) ! 

( ( ( (strcmp (f irst->drain, 8econd->source) )==0)ft& 
((strcmp(second->drain,third->draiii))==0))  1 1 
(((strcmpCf irst->drain,second->drain))==0)ft& 

( (strcmp(second->source ,third->drain) )==0) ) ) )  { 

head_preinv->lGngth++;  /*  increment  the  length  of  link  list  for 

printing  purposes  */ 

currl=head_preinv->tail ; 
end=TRUE ; 

newpreinv=NeuPreinv() :  /*  create  a  node  in  the  link  list  to  hold 

the  informations  about  the  found  prech. 
inverter.  */ 

if (head_preinv->head=*NULL){  /*is  this  the  first  entry  in  the  list?*/ 
head_preinv->head=newpreinv ; 
head_preinv->tail=newpreinv ; 

} 

else  {  /*  if  this  is  not  the  first  entry  it  is 

the  last  entry.  */ 

head_preinv->tail=newpreinv ; 
currl->next=newpreinv ; 

> 

newpreinv->input=malloc(8i2eof (chaur)  *  strlenCf irst->gate)+l) ; 

newpreinv->output=malloc(sizeof (char)  *  strlenCf irst->drain)+l) ; 

newpreinv->phase»malloc(sizeof (char)  *  strlen(8econd->gate)+l) ; 

strcpy(newpreinv->input,first->gate) ;  /*  place  the  data.  */ 

strcpy(newpreinv->output ,f irst->drain) ; 

strcpy (newpreinv->phase , second->gate) ; 

if ( ( (strcmpCf irst->length ,second->length) )==0)&& 

( (strcmp (second->length ,third->length) )==0) )  { 
newpreinv->length=malloc(sizeof (char)*  strlenCf irst->length)+l) ; 
strcpy (newpreinv->length,first->length) ; 

> 

else  if  ((8trcmp(second->length,third->length))==0)  { 
totallength* (strlen (f irst->length) +strlen (second->length) +2) ; 
newpreinv->length=malloc(sizeof (char)*  (totallength)+l) ; 
strcpy(newpreinv->length,f irst->length) ; 
strcat(newpreinv->length," — ") ; 
strcat(newpreinv->length,8econd->length) ; 

} 

else  { 

totallength*(strlen(f ir8t->length)+strlen(8econd->length)) ; 
totallength=(strlen(third->length)+totallength+3) ; 
newpreinv->length*malloc(8i2eof (char)*  (totallength)+l) ; 
strcpy (newpreinv->length,first->length) ; 
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strcat(neHpreinv->length," — ") ; 

strcat (newpreinv->length , second->lGngth) ; 

strcat(newprGinv->length,"-'') ; 

strcat (newpre inv- > 1 ength , third- > 1 ength) ; 

} 

if (((strcmpCf irst->width,second->width))==0)&& 

( (strcmp(second->Hidth ,third->width) )=*0) )  { 
newpreinv->width®malloc(8i2eof (char)*  strlenCf irst->width)+l) ; 
strcpy(newpreinv->width,f irst->Hidth) ; 

> 

else  if ((strcmp(second->width,third->width))=«0)  { 

totalwidth=(strlen(8Gcond->width)+strlen(third->width)+2) ; 
newprGinv->Hidth*malloc(sizeof (char)*(totalwidth)+l) ; 
strcpy(newpreinv->width,f ir8t->width) ; 
strcat (newpreinv->Hidth," — ") ; 
strcat (newpreinv->width,8Gcond->width) ; 

} 

else  -C 

totalwidth=(strlen(f irst->width)+strlen(second->width) ) ; 

totalwidth=(strlen(third->width)+totalwidth+3) ; 

newpreinv->width=malloc(sizeof (char)* (total width)+l) ; 

strcpy(newpreinv->Hidth,f irst->Bidth) ; 

strcat (newpreinv->width," — ") ; 

strcat (newpreinv->width , second->width) ; 

strcat (newpreinv->width,"-") ; 

strcat (newpreinv“>width,third->width) ; 

} 

*  Remove  the  transistors  that  now  constitute  an  precharged  inveter.  Delete  * 

*  the  used  transistors  and  decrease  the  transistors  lists'  length  * 

if (header_newn2->tail*=third)  { 
header_newn2->tail=prev3 ; 
prev3->next=NULL ; 
complete=TRUE; 

} 

if (header_newn2->head==third)  { 
header _newn2->head=third->next ; 

} 

if ( (third ! -prev3)tt (complete ! *TRUE) )  { 
prev3->next=prev3->next->next ; 
third=third->next ; 

} 

else  { 

prev3=prev3->next ; 
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third=third->next ; 


} 

if (header_newnl->tail==second)  { 
header_neiml->tail=prGv2 ; 
prev2->next=NULL ; 
done=TRUE ; 

} 

if (header _newnl->head==second)  { 
header _newnl->head=8econd->next ; 

} 

if ( (second ! =prev2)ft4 (end ! =TRUE) )  { 
prev2->next=prev2->next->next ; 
second=8econd->next ; 

> 

else  { 

prev2=prev2->next ; 
seccnd=second->nGxt ; 

} 

if (header_newp2->tail==f irst)  { 
header_newp2->tail=prevl ; 
pr ev 1 - >nGxt =NULL ; 
stop=TRUE; 

} 

if (header _newp2->head==f irst)  { 
header_newp2- >head=f irst->next ; 

} 

if((first! =prev 1 ) 44 (done ! =TRUE) )  { 
prevl->next=prevl->next->next; 
f irst=f irst->next ; 

} 

else  { 

prevl=prevl->next ; 
f irst=f irst->next ; 

} 

header_newp2->length — ; 
header_newnl->length — ; 
header_newn2->length — ; 
curr l=head_preinv->tail ; 

} 

else  { 

prev3=third ; 
third=third->next ; 

> 

if (header_newn2->length==0)break; 

> 
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if  (header_newnl->length"0)break ; 
if(end!=TRUE)  { 
prev2=second; 
second=second->next ; 

} 

third=header_newn2->head ; 
prev3=third; 

} 

if (header _newp2->length==0)break ; 
if (done!=TRUE)  { 
prevl=f irst ; 
f irst=f irst->next ; 

} 

second=header_newnl->head; 
prev2®second; 
third5=header_newn2->head ; 
prev3=third; 

> 

> 


/♦****♦*****♦♦*♦*♦*♦**♦♦**♦♦♦♦**♦**♦♦***♦**♦♦**♦******♦*♦*****♦*♦******♦**** 

*  This  function  identifies  the  passgates  and  places  them  in  a  link  list.  * 

Fxmction  comparepassO 

■C 

int  done; 
int  complete; 
int  stop; 

int  totallength; 
int  totalwidth; 

trans  *first,  ^second; 
trans  ♦prevl,  ♦prev2; 

pass  *curr; 
pass  *newpass; 

f irst=header_newpl->head; 
second=header_newnl->head; 
prevl=f irst ; 
prev2=second; 
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totallength=totalwidth=0 ; 
stop=FALSE; 

while ( (first ! =NULL)ft&(stop==FALSE) )  { 
completesFALSE ; 
done=FALSE; 

while((second!=NULL)ftft(!done))  { 

if ( (strcmp (f irst->gate , sGcond->gate) ! =0)ftft 

( ((strcmpCf irst->source,second->source)==0)ft4 
(strcmp(first->drain,second->drain)==0)) | | 

( (strcmpCf irst->sourcG,SGcond->drain)==0)Aft 
(strcmp (first->drain , second->source) ==0) ) ) )  { 
head_pass->lGngth++ ; 
curr=head_pass->tail ; 
done=TRUE ; 
newpass=NGwPass() ; 

if (head_pass->head==NULL)  { 
head_pass->head=newpass ; 
head_pass->tail=newpass ; 

> 

else  { 

hGad.pass->tail®newpass ; 
curr->next=newpass ; 

} 

newpass->tGrminall=malloc(sizeof  (ch2ur)*strlen(f  ir‘?t->source)  +  l)  ; 
newpass->terminal2=malloc(sizeof (char)*strlen(f irst->dra;.n)+l) ; 
newpass->php=malloc(sizGof (char)*strlen(f irst->gate)+l/ ; 
newpass->phn=malloc(sizeof (char)*strlen(second->gate)+l  ; 

strcpy(nGwpass->terminaH ,f irst->source) ; 
strcpy(newpass->tGrminal2,f irst->drain) ; 
strcpy (nGwpass->php ,f irst->gatG) ; 
strcpy (nGwpass->phn , second->gate) ; 
if ( (strcmp(f irst->length ,second~>length) )==0)  { 
newpass->lGngth«malloc(sizGof (char)*strlen(f irst->length)+l) ; 
strcpy (newpass->length ,f irst->lGngth) ; 

> 

else  { 

totallength=(strlen(f irst->length)+strlen(second->length)+2) ; 
newpass->lGngth*malloc (sizeof (char )♦ (total length ) + 1 ) ; 
strcpy (newpass->length,first->l0ngth) ; 
strcat(newpass->length,"--") ; 
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strcat (newpass->l6ngth ,second->length) ; 

} 

if ( (strcmp (f irst->width , second->width) ) ==0)  { 

newpass->width=malloc(sizeof (char)*strlen(f irst->width)+l) ; 
strcpy(newpass->width,first->width) ; 

} 

else  ■( 

totalwidth=(strlen(f irst->width)+strlen(second->width)+2) ; 
newpass->width=malloc (sizeof (char) * (totalwidth) + 1) ; 
strcpy (newpass->width , f irst->width) ; 
strcat (newpass->width," — ") ; 
strcat  (newpass->iiidth ,  second->width) ; 

> 

if (header_newnl->tail==second)  { 
header_newnl->tail=prev2; 
prev2->next=NULL ; 
complete=TRUE ; 

> 

if (header _neiml->head®=second)  { 
header _newnl->head=second->next; 

} 

if ((second !=prev2)*& (complete !=TRUE))  { 
prev2->next=prev2->next->next ; 
second=second->next ; 

} 

else  { 

prev2=prev2->next ; 
second=second->next ; 

> 

if (header _newpl->tail®=first)  { 
stop=TRUE; 

h  ::ader_newpl->tail=prevl ; 
prevl->next=NULL ; 

> 

if  (ii3ad°r _newpl->head==f irst)  { 
header_newpl->head=f irst->next ; 

> 

if ( (first ! =prevl )ft*(stop !=TRUE) )  { 
prevl->next=prevl->next->next ; 
f irst=f irst->next ; 

} 

else  { 

prevl=prevl->next ; 
f irst=f irst->next ; 

> 
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header_newpl->length — ; 
header_newnl->length — ; 
curr=head_pass->tail ; 

} 

else  { 

prev2=second; 
second=second->next ; 

} 

} 

if ( (header_newpl->length==0) 1 1 (header_newnl->lGngth==0) )  break ; 
if (done!=TRUE)  { 
prevl=f irst; 
f irst=f irst->next ; 

} 

second*header_newnl->head ; 
prev2=second; 

> 

} 


*  This  function  identifies  the  2  phase  locked  inverters  and  places  them  * 

*  in  alink  list.  * 

Function  compare2clinv() 

{ 

int  finished; 
int  end; 
int  done ; 
int  complete; 
int  stop; 

trans  *first,  fsecond,  ^third,  *forth; 
trans  *prevl,  *prev2,  *prev3,  *prev4; 
i2clinv  *curr; 
i2clinv  ♦new2clinv; 

f  irst=heade-i._newpl->head; 
s9cord=header_newp2->head ; 
third=header_newnl->head; 
f orth=header_newn2->head ; 
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prevl=first; 

prev2=second: 

prev3=third; 

prev4=forth; 

totallength=totalwidth=0 ; 
stop=FALSE; 

while((first  !=NULL)tft(stop  ==  FALSE))  { 
complete=FALSE; 
done=FALSE; 

while((second  ! *NULL) Aft (! done))  { 
end=FALSE; 

while((third  !*NULL)&&(!end))  { 
f inished=FALSE ; 

while((forth  !=NULL)AA( ! finished))  { 
if ( ( ( ( (strcmp(f irst->gate ,third->gate) )==0)&& 

( (strcmp (second->gate ,f orth->gate) ) ! =0) Aft 
((strcmp(second->gate,first->gate)) !=0))  I | 

( ( (atrcmpCf irst->gate ,second->gate) ) ! =0)ftft 
( (strcmp (f irst->gate ,third->gate) ) ! *0) AA 
( (strcmp (second->gate ,forth->gate) ) ==0) ) )  Aft 

((((strcmp(second->drain,f irst->source))==0)ftA 
((strcmp(f  irst->drain,third->drain))“0)ftft 
((strcmp(third->source,forth->drain))==0))  |  | 
(( (strcmp (first->drain,second->drain))*=0) Aft 
( (strcmp(f irst->source ,third->drain) )=®0)ftft 
( (strcmp (third->source,forth->drain))==0))  I  I 
(( (strcmp (first->source,second->drain))==0) Aft 
( (strcmp (first->drain,third->source))==0) Aft 
((strcmp(third->drain,forth->drain))==0))  I  I 
(( (strcmp (first->drain,second->drain))==0) Aft 
((strcmp(f irst->source,third->source))==0)ftft 
( (strcmp(third->drain,forth->drain) )==0) ) ) )  { 
head_2clinv->length++ ; 
curr=head_2clinv->tail ; 
f inished=TRUE; 
neH2clinv=New2clinv() ; 
if (head_2clinv->head  ==  NULL)  { 
head_2clinv->head=new2clinv; 
head_2clinv->tail=now2clinv; 

} 

else  { 

head_2clinv->tail=new2clinv ; 
curr->next=new2clinv ; 
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} 

if ((strcmpCf irst->gate,third->gate))==0)  •[ 
new2clinv->input=malloc(sizeof (char)*strlGn(second->gate)+l) ; 
new2clinv->php=malloc(sizeof (ch2ur)*strlen(f irst->gate)+l) ; 
new2cl inv- >phn=malloc ( sizeof (char) ♦strlen (f orth- >gat e) + 1 ) ; 

strcpy(new2clinv->input ,second->gata) ; 
strcpy(nGw2clinv->php,f irst->gate) ; 
strcpy(nGw2clinv->phn,forth->gatG) ; 
if (((strcmp(first->drain,third->drain))==0) I | 

( (strcmp(f ir8t->drain,third->source) )==0) )  { 
new2clinv->output=inalloc(sizeof (char)*strlGn(f irst->drain)+l) ; 
strcpy (new2clinv->output ,f irst->drain) ; 

> 

else  { 

nGw2clinv->output=malloc(sizeof (char)*strlen(f irst->source)+l) ; 
strcpy (new2clinv->output ,first->source) ; 

> 

> 

else  { 

new2clinv->input=malloc(sizeof (char)*strlen(f irst->gate)+l) ; 
new2clinv->php=malloc(sizeof (char)*strlen(second->gate)+l) ; 
new2clinv->phn=malloc(sizeof (char)*8trlen(third->gate)+l) ; 

strcpy (new2clinv->input ,first->gate) ; 
strcpy (new2clinv->php,8econd->gate) ; 
strcpy (new2clinv->phn , third->gate) ; 

if (((strcmp(first->drain,third->drain))==0) I | 

( (strcmpCf irst->drain,third->source) )==0) )  { 
new2clinv->output=malloc(sizeof (char)*strlen(f irst->drain)+l) ; 
strcpy(new2clinv->output,f irst->drain) ; 

} 

else  •( 

new2clinv->output=malloc(sizeof (char)*strlen(f irst->source)+l) ; 
strcpy(new2clinv->output,f irst->source) ; 

> 

> 

if (((strcmpCf irst->length,8econd->length))==0)&& 

( (strcmpCf irst->length,forth->length))==0)ft& 

( (strcmp(second->length,third->length) )==0) )  { 
new2clinv->length=malloc(sizeof (char) ♦strlen (first->length)+l) ; 
strcpy (new2clinv->length,first->length) ; 

} 

else  if  (((strcmp(second->length,first->length))==0)&& 
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((strcmp(third->length,forth->length)) !=0))  { 
totallength*(strlen(f irst->length)+strlen(third->length)+3) ; 
totallength®(strlen(forth->length)+totallength) ; 
new2clinv->length=malloc(sizeof (char)*(totallength)+l) ; 

strcpy(new2clinv->length,f irst->length) ; 
strcat (new2clinv->length , " — " ) ; 
8trcat(new2clinv->length,third->leiigth) ; 
strcat (new2clinv->length,"-") ; 
strcat (new2clinv->length,forth->length) ; 

} 

else  if (((strcmpCf ir8t->length,8econd->length)) !=0)ft& 

( (stranp(third->length,f orth->length) )==0) )  { 
totallength=(strlen(f irst->length)+strlen(second->length)+3) ; 
totallength=(strlen(third->length)+totallength) ; 
new2clinv->length=malloc(sizeof (char)*(totallength)+l) ; 

strcpy(new2clinv->length,f irst->length) ; 

strcat (new2clinv->length,"-") ; 

strcat (new2clinv->l ength , second- > 1 ength ) ; 

strcat (new2clinv->length, " — ") ; 

strcat (netf2clinv->length,third->length) ; 

> 

else  { 

totallength*(strlen(f irst->length)+strlen(second->length)) ; 
totallength»(strlen(third->length)+totallength+4) ; 
totallength=(totallength+strlen(forth->length)) ; 
new2clinv->length=malloc(sizeof (chair) ♦(totallength)+l) ; 

strcpy(new2clinv->length,f irst->length) ; 

strcat(new2clinv->length,"-") ; 

strcat (new2clinv->l ength , s  econd- > 1 ength ) ; 

strcat (new2clinv->length , " — " ) ; 

strcat (new2clinv->length,third->length) ; 

str jat(new2clinv->length,"-") ; 

strcat (new2clinv->l ength , f or th-> 1 ength ) ; 

} 

if ( ( (strcmpCf irst->width ,second->width) )==0)ftft 
((strcmpCf irst->width,forth->width))==0)ftft 
((strcmp(second->width, third- >width))==0) )  { 
new2clinv->width=malloc(sizeof (char)*strlen(f irst->width)+l) ; 
strcpy(new2clinv->width,f irst->width) ; 

} 

else  if ( ( (strcmp(sec&nd->width,f irst->width) )==0)ft& 
((strcmp(third->width,forth->width)) !=0))  { 
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totalwidth=(strlen(f irst->width)+strlen(third->width)+3) ; 
totalwidth® (totalwidth+strlen(f orth->width) ) ; 
new2clinv->width=malloc(sizeof (char)*(totalwidth)+l) ; 

strcpy(new2clinv->width,f irst->width) ; 
strcat(new2clinv->Hidth," — ") ; 
strcat(new2clinv->width, third- >width) ; 
strcat(new2clinv->width,"-") ; 
strcat(new2clinv->width,forth->width) ; 

} 

else  if (((strcmp(first->width,second->width)) !=0)8:4 
( (strcmp(third->width,f orth->width) )®=0))  { 
totalwidth=(strlen(f irst->width)+strlGn(second->width)) ; 
totalwidth=(totalwidth+strlen(third->width)+3) ; 
new2cl inv- >width=malloc (s izeof (char) * (totalwidth) + 1 ) ; 
strcpy(new2clinv->width,f irst->width) ; 
strcat(new2clinv->width,"-") ; 
strcat(new2clinv->width,second->width) ; 
strcat(new2clinv->width," — ") ; 
strcat(new2clinv->width, third- >width) ; 

} 

else  -C 

totalwidth=(strlen(second->width)+strlen(third->width)) ; 
totalwidth=(totalwidth+strl6n(f irst->width)+strlen(f orth->width)+4) ; 
new2clinv->width=malloc(sizeof (char)* (totalwidth) +1) ; 
strcpy (new2clinv->width,f irst->width) ; 

strcat(new2clinv->width,"-") ; 
strcat(new2clinv->width,second->width) ; 
strcat(nGw2clinv->width," — ") ; 
strcat (new2clinv->width,third->width) ; 
strcat(new2clinv->width,"-") ; 
strcat ''new2clinv->width,forth->width)  ; 

> 

if (header_newn2->tail==forth)  { 
header_newn2->tail=prev4 ; 
prev4->next=NULL ; 
complete=TRUE; 

} 

if (header_newn2->head==forth)  { 

header_newn2->head=f orth->next ; 

} 

if (  (forth !  =prev4)ftft (complete ! *TRUE)  )  ■( 
prev4->next=prev4->next->next ; 
f orth=f orth->next ; 
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} 

else  { 

prev4=prev4->next ; 
f orth=f orth->next ; 

> 

if  (header_newnl->tail==third)  •[ 
header _newnl->tail=prev3 ; 
prev3->next=NULL ; 
end=TRUE ; 

} 

if  (header_neiml->head=®third)  •( 
header_iiewnl->head=third->next ; 

} 

if ( (third ! *prev3) ftft (f inished ! =TRUE) )  { 
prev3->next=prev3->next->next ; 
third=third->next ; 

} 

else  { 

rr6v3=prev3->next ; 
third=third->next ; 

} 

if (header _newp2->tail=*second)  { 
header.newp2->tail=prev2 ; 
prev2->next=NULL ; 
done=TRUE ; 

} 

if (header _newp2->head=®second)  { 
header  _newp2- >he  ad=s  econd- >next ; 

> 

if ( (second ! =prev2) && (end ! =TRUE) )  { 
prev2->next=prev2->next->next ; 
second=second->next ; 

} 

else  -C 

prev2=prev2->next ; 

8econd=second->next ; 

} 

if (header_newpl->tail==first)  { 
header_newpl->tail=prevl ; 
prevl->next=NULL ; 
stop=TRUE ; 

> 

if (header_newpl->head=®f irst)  { 
header_newpl->head=f irst->next ; 

} 


66 


if ( (first ! =prevl)ftft (done ! =TRUE) )  < 
prevl->next®prGvl->next->next ; 
f irst®f irst->next ; 

> 

else  { 

prevl®prevl->next ; 
f irst®f irst->next ; 

} 

header_newpl->length — ; 
header _newp2->length — ; 
header _newnl->length — ; 
header _newn2->length — ; 
curr=head_2clinv->tail ; 

} 

else  { 

prev4=forth; 
f orth=f orth->next ; 

} 

if (header _newn2->length==0)  break; 

} 

if (header_newnl->length==0)  break; 
if  (finished  !=TRUE)  •[ 
prev3=third; 
third=third->next ; 

} 

f orth®header_newn2->head ; 
prev4»forth; 

} 

if (header_newp2->length==0)  break; 
if (end!*TRUE)  { 
prev2=second; 
second=second->next ; 

} 

third=header_newnl->head; 

prev3=third; 

forth=header_newn2->head; 

prev4=forth; 

} 

if (header_newpl->length==0)  break; 
if(done!=TRUE)  { 
prevl=f irst ; 
f irst=f irst->next ; 

> 

second=header_newp2->head ; 
prev2=second; 
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third=header_netfnl->head ; 
prev3=third; 

f orth=header_nevn2->head ; 
prev4=f orth ; 

} 


/**im**^^^HL^i*^l^i***i^i^^**r^i**^^^^i^t****^^***********************************i^**^^**** 

*  This  function  identifies  all  2  input  NOR  gates  and  places  them  in  a  link  * 

*  list.  * 

***^:*************************«***************^H^*i)l:^*^fHt^i^i*^^^^^Hi^i:^^^^:^i*iHI*it^******/ 

Function  comparenor2() 

{ 

int  finished; 
int  end; 
int  done; 
int  complete; 
int  stop; 

trans  *first,  *second,  *third,  *forth; 
trans  *prevl,  *prev2,  ♦prev3,  ♦prev4; 
nor2  *curr; 
nor2  *newnor2; 

f irst=header_newpl->head; 
second=header_newp2->head ; 
third=header_newn2->head; 
f orth=header_newn2->head ; 

prevl=f irst ; 
prev2=second; 
prev3=third; 
prev4=forth; 

totallength=totalwidth=0 ; 
stop=FALSE; 

while((first  !=NULL)ftt(stop  ==  FALSE))  { 
complete=FALSE ; 
done=FALSE; 

while((second  ! =NULL ) Aft (! done))  { 
end=FALSE; 

whileC (third  ! =NULL) Aft ( lend))  { 
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f  iiiished=FALSE ; 

while((forth  !=NULL)ftft(!f inished))  { 
if  ( ( (strcmpCf irst->gate ,f orth->gate) )==0)ftft 

( ( str cmp ( second- >gat  e , third- >gate) ) ==0) ftft 
( (strcmp(second->gate ,f irst->gate) ) ! 
((strcmp(third->drain,forth->drain))”0)&& 

( ( ( (strcmp(second->drain,f irst->drain) )==0)ftft 
((strcmp(third->drain,first->8ource))==0)) I | 
(((strcmp(second->drain,first->source))=-0)&& 
((strcmp(third->drain,first->drain))*=0))) )  { 
head_nor2->length++ ; 
curr=head_nor2->tail ; 
f inished®TRUE; 
newnor2=Mewnor2() ; 
if (head_nor2->head  ®=  NULL)  { 
head_nor2->head=newnor2 ; 
head_nor2->tail=newnor2 ; 

} 

else  { 

h6ad_nor2->tail=newnor2 ; 
x:urr->next=newnor2 ; 

} 

newnor2->inputl=inalloc(sizeof (char)*strlen(8econd->gate)+l) ; 
newnor2->input2=malloc(sizeof (char)*strlen(f irst->gate)+l) ; 
newnor2->output=malloc(sizeof (char)*strlen(forth->drain)+l) ; 

strcpy(newnor2->inputl ,second->gate) ; 
strcpy(newnor2->input2,f irst->gate) ; 
strcpy (newnor2->output ,forth->drain) ; 
if (((strcmpCf irst->length,second->length) )==0)&& 

((strcmpCf irst->length,forth->length))®=0)ft& 
((strcmp(second->length,third->length))==0))  { 
newnor2->length=malloc(sizeof (char) *strlen (first ->length)+l) ; 
strcpy (newnor2->length ,f irst->length) ; 

} 

else  if  (((strcmp(second->length,first->length))==0)ft& 
((strcmp(third->length,forth->length)) !=0))  { 
totallength=(strlen(f ir8t->length)+strlen(third->length) ) ; 
totallength®(8trlen(forth->length)+totallength+3) ; 
newnor2->length=inalloc(sizeof (char)*(totallength)+l) ; 

strcpy (newnor2->length ,f irst->length) ; 
strcat(newnor2->length," — ") ; 
strcat(newnor2->length,third->length) ; 
strcat(newnor2->length,"-") ; 
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strcat(nGwnor2->length,forth->length) ; 

} 

else  if (((strcmpCf irst->length,second->length)) !=0)&& 

( (strcmp(third->length,f orth->length) )==0) )  { 
totallGngth=(strlen(f irst->length)+strlen(second->length) ) ; 
totallength®(strlen(third->length)+totallength+3) ; 
newnor2->length=malloc (sizeof (char) * (totallength) +1 ) ; 

strcpy (newnor2->length ,f irst->length) ; 
strcat(newnor2->length,"-") ; 
strcat(newnor2->length,second->length) ; 
strcat(newnor2->length," — ") ; 
strcat(newnor2->length,third->length) ; 

> 

else  { 

totallength=(strlen(f irst->length)+8trlen(second->length)) ; 
totallength=(8trlen(third->length)+strlen(forth->length) 
+totallGngth+4) ; 

nGwnor2->length=malloc (sizeof (chau:)* (totallength) +1) ; 

strcpy (newnor2->length,first->length) ; 

strcat(newnor2->lGngth,"-") ; 

strcat (newnor2->length , second->length) ; 

strcat(neHnor2->length," — ") ; 

strcat (newnor2->length ,third->length) ; 

strcat(nGwnor2->length,"-") ; 

strcat (nGwnor2->length,forth->length) ; 

} 

if ( ( (strcmp(f irst->width ,second->width) )==0)&ft 
((strcmp(f irst->width,forth->width))==0)&& 

(  (strcinp(second->width,third->width)  )==0)  )  ■{ 

newnor2->width=malloc (sizeof (char) *strlen(first->width)+l) ; 
strcpy (newnor2->width,first->width) ; 

> 

else  if (( (strcnip(second->width,first->width))==0)&& 
((strcmp(third->width,forth->width)) !=0))  { 
totalwidth=(strlen(f irst->width)+strlen(third->width)+ 
strlen(forth->width)+3) ; 

newnor2->width=malloc(sizeof (char)*(totalwidth)+l) ; 

strcpy (newnor2->width,first->width) ; 

strcat (nGwnor2->width," — ") ; 

strcat (newnor2->width,third->width) ; 

strcat (newnor2->width, ; 

strcat (newnor2- >width , f orth->width) ; 
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else  if (((strcmpCf irst->width,second->width)) !=0)&& 

( Cstrcmp(third->width,f orth->width) )==0))  { 
totalwidth=(strlen(f irst->width)+strlen(secoiid->width)+ 
strlen(third->Hidth)+3) ; 

newnor2->width=malloc(sizeof (char)*(totalwidth)+l) ; 

strcpy(newnor2->«idth,f irst->Hidth) ; 
strcat(newnor2->width,"-") ; 
strcat (newnor2->width , second~>width) ; 
strcat(newnor2->width,'’ — ") ; 
strcat (newnor2->width , third->width) ; 

} 

else  ■[ 

totalwidth=(strlen(second->width)+strlen(third->width)+ 

strlen(f irst->width)+strlen(f orth->width)+4) ; 
newnor2->width=malloc (sizeof (char) * (totalwidth) + 1 ) ; 

strcpy(newnor2->vidth,f irst->Hidth) ; 

strcat (newnor2->width,"-") ; 

strcat (newnor2->width , second- >width) ; 

strcat (newnor2->width," — ") ; 

strcat (newnor2->width .third- >width) ; 

strcat (newnor2->width, ; 

strcat (newnor2->width,forth->width) ; 

> 

if (header_newn2->tail®*forth)  { 
header_newn2->tail=prev4 ; 
prev4->nextaNULL ; 
complete=TRUE ; 

> 

if (header_newn2->head==forth)  { 
header_newn2->head=f orth->next ; 

> 

if ( (f orth! =prev4)&ft( complete ! =TRUE) )  { 
prev4->next=prev4->next->next ; 
f orthsf orth->next ; 

} 

else  •( 

prev4=prev4->next ; 
f orth*f orth->next ; 

} 

if (header_newn2->tail==third)  { 
header_newn2->tail=prev3 ; 
prev3->next=NULL ; 
end=TRUE ; 
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} 

if (header_newn2->head==third)  { 
header_newn2->head=third->nGXt ; 

} 

if  ( (third !  =prev3)  ftSt  (f  inished !  =TRUE)  )  { 
prev3->next=prev3->n6xt->next ; 
third=third->nGXt ; 

} 

else  { 

prev3=prev3->next ; 
third=third->next ; 

} 

if (header _newp2->tail=®second)  { 
haader_nGwp2~>tail=prev2 ; 
prev2->next=NULL ; 
done=TRUE ; 

} 

if (header_newp2->head==second)  { 
header _newp2->head=second->next ; 

} 

if ( (second ! =prev2)ftft (end ! =TRUE) )  { 
prev2->next=prev2->next->next ; 
second=second->next ; 

} 

else  { 

prev2=prev2->nGxt ; 
second=second->nGxt ; 

} 

if (header_newpl->tail==f irst)  { 
header_newpl->tail=prevl ; 
prevl->next=NULL ; 
stop=TRUE ; 

} 

if (header_newpl->head==f irst)  { 
header _newpl->head=first->next ; 

} 

if((first! =prev 1 ) ftft (done ! =TRUE) )  { 
prevl->next=prevl->next->next ; 
f irst=f irst->next ; 

> 

else  ■( 

prevl=prevl->next ; 
f irst=f irst->next ; 

} 

header_n6wpl->length-- ; 
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header_nGwp2->length — ; 
header _nQwn2->length — ; 
curr=hGad_nor2->tail ; 

} 

else  { 

prev4=forth; 
f orth=forth->next ; 

} 

if (header_newn2->length==0)  break; 

} 

if (hGader_nevm2->length==0)  break; 
if (finished !=TRUE)  { 
prev3=third; 
third=third->next ; 

> 

f orth=header_newn2->head ; 
prev4=forth; 

> 

if (header_newp2->length==0)  break ; 
if (end!=TRUE)  { 
prev2=second; 
second=second->next ; 

> 

third=header_newn2->head ; 
prev3»third; 

f orth=header_newn2->hGad; 
prev4=forth: 

} 

if (header _newpl->length==0)  break; 
if (done!=TRUE)  { 
prevl=f irst ; 
f irst=f irst->next ; 

> 

second=header_newp2->head ; 
prev2=second; 
third=header_newn2->head ; 
prev3=third; 

f orth=header_newn2->head ; 
prev4=forth; 

> 
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/i^i^:tl^:^l^:^t^^^!l^:^^L**^:**^:^!*^l4:^Ht:^^^!^i**^!********************************************** 

*  This  function  identifies  the  2  input  NAND  gates  and  places  them  in  a  * 

*  link  list.  * 

^L:^>^:^lti*:t:^L^:^c*:t:***^t**^^c^i*^t*^^^i*^l^l^,:t•t********************************************/ 

Function  comparenand2() 

int  finished; 
int  end; 
int  done; 
int  complete; 
int  stop ; 

trans  ♦first,  *second,  ♦third,  ♦forth; 
trans  ♦prevl,  ♦prev2,  ♦prev3,  ♦prev4; 
nand2  ♦curr; 
nand2  ♦newnand2; 

f irst=header_newnl->head; 
second=header_newn2->head; 
third=header.newp2->head; 
f orth=header.newp2->head; 

prevl=f irst ; 
prev2=second; 
prev3=third; 
prev4=forth; 

totallength=totalwidth=0 ; 
stop=FALSE; 

while((first  ! =NULL)&&(stop  ==  FALSE))  { 
complete=FALSE; 
done=FALSE ; 

while( (second  !=NULL)&&( !done))  { 
end=FALSE ; 

whileC (third  ! =NULL)ftft( ! end) )  i 
f inished=FALSE; 

while((forth  !=NULL)ft4( [finished))  { 
if  ( ( (strcmp (third- >gate , second->gate) ) =«0)ftft 
( (strcmp(f orth->gate ,f irst->gate) )=*0)ftft 
( (strcmp(f orth->gate ,third->gate) ) ! *0)44 
( (strcmp (third->drain,forth->drain))  “0)44 
( ( ( (strcmp (second- >drain,fir8t->drain)) ==0)44 
( (strcmp(forth->drain,f irst->source))==0)) I | 

(( (strcmp (second->drain,first->source)) ==0)44 


( (strcmpCf irst->drain,f orth->drain) )==0) ) ) )  { 
head_nand2->length++ ; 
curr=head_nand2->tail ; 
f inished=TRUE; 
newnand2=Newnand2() ; 
if (head_nand2->hGad  ==  NULL)  { 
head_nand2->head=newnand2; 
head_nand2->tail=newnand2; 

> 

else  { 

head_ncmd2->tail=newnaiid2; 
curr->next=newnand2 ; 

> 

newnand2->inputl=malloc(sizeof (char)*Btrl6ii(third->gate)+l) ; 

newnand2->input2=malloc(sizeof (char)*strlen(forth->gate)+l) ; 

newnaiid2->output=malloc(sizeof (char)*strlen(third->drain)+l) ; 

strcpy(newnand2->inputl ,third->gate) ; 

strcpy (newnand2->input2 ,forth->gate) ; 

strcpy (newnand2->output ,third->drain) ; 

if ( ( (strcmp(third->length,f orth->length) )==0)&& 

( (strcmp(third->length,second->l6ngth))==0)&& 

( (strcmpuorth->length  ,f irst->length)  )==0)  )  { 
newnand2->length=malloc(sizeof (char) *strlen (third- ''length)  +  l) ; 
strcpy (newnand2->length,third->length) ; 

> 

else  if  v((strcmp(forth->length,third->length))==0)&& 
((strcmp(first->length,second->length)) !=0))  { 
totallength=(strlen(third->length)+strlen(f irst->length) ) ; 
totallength=(strlen(second->length)+totallength+3) ; 
newnand2->length=malloc (sizeof (char) * (totallength) + 1 ) ; 
strcpy (nejnand2->length,third->length) ; 
strcat(newnand2->length," — ") ; 
strcat  (newnaiid2->length,f  irst->length) ; 
strcat(newriand2->length,"-")  ; 
strcat (newnand2->length,second->length) ; 

} 

else  if ( ( (strcmp(f irst->length,second->length) )==0)ft& 
((strcmp(third->length,forth->length)) !=0))  { 
totallength=(strlen(f irst->length)+strlen(forth->length) ) ; 
totallength=(strlen(third->length)+totallength+3) ; 
newnand2->length=malloc( sizeof (char) ♦ (totallength) +1) ; 
strcpy (newnand2->length,third->length) ; 
strcat(newnand2->length,''-'')  ; 
strcat(newnand2->length,forth->length) ; 
strcat (newnand2->length," — ") ; 
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strcat (newnand2->length,f irst->length) ; 

} 

else  { 

totallength=(strlen(f irst->length)+strlen(second->length) ) ; 
totallength=(strlen(third->length)+strlen(forth->length) 
+totallength+4) ; 

newnand2->length=malloc(sizeof (char)*(totallength)+l) ; 

strcat (n6vniand2->length,third->length) ; 

strcat (newnand2->length,"-") ; 

strcat (newnand2->length,forth->length) ; 

strcat (newnand2->length," — ") ; 

8trcpy(newnand2->length,f irst->length) ; 

strcat(newnand2->length,"-") ; 

strcat (newnand2->length,second->length) ; 

} 

if ( ( (strcmp(third->width,forth->width) )==0)&& 
((strcmp(third->width,second->width))==0)&& 
((strcmp(forth->width,f irst->width))==0) )  { 
newnand2->width=malloc(sizeof (char)*strlen(f irst->width)+l) ; 
strcpy (newnand2->width ,third->width) ; 

} 

else  if (((strcmp(second->width,f irst->width)) !=0)ft& 
((strcmp(third->vidth,forth->width))==0))  { 
totalwidth=(strlen(f irst->width)+strlen (third- >width)+ 
strlen(second->wi(?th)+3) ; 

newnand2->vidth=malloc (sizeof (char ) * (tot alwidth) + 1) ; 

strcpy (newnand2->width ,third->width) ; 

strcat (newnand2->width," — ") ; 

strcat (newnand2->Hidth,first->width) ; 

strcat (newnand2->width,"-") ; 

strcat (neHnand2->width ,second->width) ; 

} 

else  if ( ( (strcmp(f irst->width,second->Hidth) )==0)&& 

( (strcmp(third->width ,f orth->width) ) ! =0) ) 

{ 

totalwidth=(strlen(f irst->width)+strlen(f orth->width)+ 
strlen(third->Hidth)+3) ; 

newnand2->width=malloc (sizeof (char) ♦ (totalwidth) + 1 ) ; 

strcpy (newnand2->width,third->width) ; 

strcat (newnand2->width/'-") ; 

strcat (newnand2->width ,f orth->width) ; 

strcat (newnand2->width , " — ") ; 

strcat (newnand2->width,first->width) ; 

} 

else  { 
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totaiwidth=(strlen(second->width)+strlen(third->width)+ 

strlen(f irst->width)+strlen(forth->width)+4) ; 
newnand2->width=malloc(sizeof (char)*(totalwidth)+l) ; 
strcpy (newnand2->width , third->width) ; 
strcat(newnauid2->width,"-") ; 
strcat (newnand2->Hidth ,f orth->width) ; 
strcat(newnand2->width," — ") ; 
strcat (newnand2->width,first->Hidth) ; 
strcat(newnand2->width,"-") ; 
strcat (newnand2->width , second->width) ; 

> 

if  (header _newp2->tail==forth)  ■( 
header_newp2->tail=prev4 ; 
prev4->next=NULL ; 
complete=TRUE; 

} 

if (header_newp2->head==forth)  { 
header_n6wp2->head=f orth->next ; 

> 

if ( (forth ! =prev4)&& (complete ! =TRUE) )  { 
prev4->next=prev4->next->next ; 
f orth=f orth->next ; 

} 

else  { 

prev4=prev4->next ; 
f orth®f orth->next ; 

> 

if (header_netfp2->tail==third)  { 
header. newp2->tail=prev3 ; 
prev3->next=NULL ; 
end=TRUE ; 

> 

if  (header _iiewp2->head==third)  { 
header_newp2->head=third->next ; 

} 

if ( (third ! =prev3)ft& (finished ! *TRUE) )  { 
prev3->next=prev3->next->next ; 
third=third->next ; 

> 

else  ■( 

prev3=prev3->next ; 
third=third->next ; 

> 

if (header .newn2->tail==second)  { 
header_newn2->tail=prev2 ; 


prev2->nQxt=NULL ; 
done=TRUE ; 

} 

if (header _neHn2->head==second)  { 
header_newn2->head=second->next ; 

} 

if ( (second ! =pr ev2) ftft (end ! =TRUE) )  { 
prev2->next=prev2->next->next ; 
second=second->next ; 

> 

else  { 

prev2=prev2->next ; 
second=second->next ; 

} 

if (header_newnl->tail==f irst)  { 
header_newnl->tail=prevl ; 
prevl->next*NULL ; 
stop=TRUE ; 

> 

if (header_newnl->head==f irst)  { 
header_newnl->head=f irst->next ; 

> 

if ( (first ! =prevl)ftft (done ! =TRUE) )  { 
prevl->next=prevl->next->next ; 
f irst=f irst->next ; 

} 

else  { 

prevl=prevl->next ; 
f irst=f irst->next ; 

} 

header_newp2->length-- ; 
header_newnl->length-- ; 
header_newn2->length-- ; 
curr=head_nand2->tail ; 

> 

else  { 

prev4=forth; 
f orth=f orth->next ; 

} 

if (header_newp2->length==0)  break ; 

} 

if (header _newp2->length==0)  break ; 
if (finished !=TRUE)  { 
prev3=third; 
third=third->next ; 
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} 

f orth=header_newp2->head ; 
prev4=forth; 

} 

if (header_newn2->length==0)  break; 
if (end!=TRUE)  { 
prev2=second; 
second=second->next ; 

} 

hird=header_newp2->head ; 
prev3=third ; 

f orth=headGr_newp2->head ; 
prev4=f 01 uh ; 

> 

f (header_newnl->length==0)  break; 
if(done!=TRUE)  { 
prevl=f irst ; 
f  irst=f irst->next ; 

} 

second=header_newn2->head ; 

prGv2=second; 

third=header_newp2->head; 

3=third; 

h=header.newp2->head: 

forth; 

> 


/:ti  +  ***********  +  ***#********  +  ********************************  +  **************** 

*  This  function  identifies  the  precharged  2  input  NOR  and  NAND  gates  and  * 

*  places  them  in  a  separate  link  list.  The  searching  is  done  concurrently  * 

*  in  order  to  achieve  higher  execution  speed.  * 

Function  compareprechargedO 

{ 

int  finished; 
int  end; 
int  done; 
int  complete; 
int  stop; 

trans  ♦first,  *second,  *third,  *forth; 
trans  *prevl,  ♦prev2,  *prev3,  ♦prev4; 
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prenand2  *curr; 
prenand2  *newprenand2 ; 
prenor2  *currl; 
prenor2  *newprenor2; 

f irst=header_neHp2->head; 
second=header_newnl->head ; 
third=header_newnl->head; 
f orth=header_nGwn2->head; 

prevl=f irst; 
prev2=SGCond: 
prev3=third; 
prev4=forth: 

totallength=totalwidth=0 ; 
stop=FALSE; 

while ((first  ! *NULL)4&(stop  ==  FALSE))  { 
complete=FALSE; 
don6=FALSE; 

whil6((second  !=NULL)ftft(!dona))  { 

Gnd=FALSE; 

while( (third  !=NULL)&&(!end))  { 
f inishGd=FALSE; 

while((forth  !=NULL)&&(! finished))  i 
if  ( ( (strcmp(f irst->gate ,f orth->gate) )==0)&& 

( (strcmp(second->gate ,third->gate) ) ! =0)&ft 
( (strcnip(second->gatG,f irst->gate))  !=0)&& 

( (strcmp(f irst->gate ,third->gat0) ) ! =0)&& 

( ( ( (strcmp(f irst->drain ,second->drain) )==0)ft& 

( (strcmp(third->drain ,f orth->drain) )==0)&ft 
((strcmp(second->source,third->source))*=0)) t | 
( ( (strcmp(first->drain  .second- >drain)  )==0)a:a 
((strcmp(8econd->source,third->drain))==0)&ft 
((strcmp(third->8ource,forth->drain))==0)) | | 

( ( (8trcmp(f ir8t->drain ,8econd->source) )==0)&ft 
((8trcmp(second->drain,third->sourcG))==0)ftft 
((8trcmp(third->drain,forth->drain))==0)) i | 

( ( (8trcmp(f ir8t->drain,8econd->8ource))==0)&ft 
((8trcmp(third->drain,8econd->drain))==0)fta 
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( (strcmp (third- > source ,f orth->drain) )==0) ) ) )  { 
head_prenand2->length++ ; 
curr=head_prenand2->tail ; 
finished=TBUE; 
newprenand2=Newprenand2() ; 

if (head_prenand2->head  ==  NULL)  { 
head_prenand2->head=newprenand2 ; 
head_prenand2->tail=newprenand2; 

} 

else  { 

head_prenand2->tail=newprenand2 ; 
curr->next=newprenand2 ; 

} 

newprenand2->inputl=malloc(sizeof (char)*strlen(second->gate)+l) 
newprenand2->input2=malloc(sizeof (char)*strlen(third->gate)+l) ; 
newprenand2->phase=malloc(sizeof (char)*strlen(first->gate)+l) ; 
newprenand2->output=malloc(sizeof (char)*strlen(f irst->drain)+l) 
strcpy (newprenand2->inputl ,second->gate) ; 
strcpy(newprenand2->input2,third->gate) ; 
strcpy (newprenand2->phase,first->gate) ; 
strcpy (newprenand2->output,first->drain) ; 
if ( ( (strcmp(second->length,third->length) )==0)&& 

( (strcmp (second->length ,forth->length) )==0) )  { 
totallength=(strlen(f irst->length)+strlen(second->length)+2) ; 
newprenand2->length=malloc(sizeof (char)*(totallength)+l) ; 
strcpy(newprenand2->length,f irst->length) ; 
strcat (newprenand2->length, " — ") ; 
strcat(newprenand2->length,second->length) ; 

} 

else  { 

totallength=(strlen(first->length)+strlen(second->length)+ 
strlen(third->length)+strlen(forth->length)+3) ; 
newprenand2->length=malloc (sizeof (char) * (totallength)-*! ) ; 
strcpy (newprenand2->length,first->length) ; 
strcat (newprenand2->length," — ") ; 
strcat (newprenand2->length,second->length) ; 
strcat (newprenand2->length, "-") ; 
strcat (newprenand2->length,third->length) ; 
strcat (newprenand2->length ,"-"); 
strcat (newprenand2->length,forth->length) ; 

> 

if ( ( (strcmp(second->width,third->width) )==0)ftft 
( (strcmp(second->width,f orth->width) )==0) )  { 
totalwidth=(strlen(f irst->width)+strlen(s6cond->width)+2) ; 
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newprenand2->width=malloc(sizaof (char)*(totalwidth)+l) ; 
strcpy(newprenand2->width,f irst->width) ; 
8trcat(newprenand2->width," — ") ; 
strcat(neHprenand2->width,second-> width) ; 

} 

else  { 

totalwidth=(strlen(f irst->width)+strlen(second->width)+ 
strlen(third->width)+8trlen(forth->width)+4) 
newprenaiid2->width=malloc(sizeof (char)*(totalwidth)+l) ; 
strcpy (newprenand2->width ,f irst->width) ; 
strcat  (newprenaiid2->width," — ")  ; 
strcat (newprenand2->width , second->width) ; 
strcat (newprenand2->width,"-") ; 
strcat (newprenand2->width , third->width) ; 
strcat(newprenand2->width,"-") ; 
strcat (newprenand2->width,forth->width) ; 

> 

if (header_newn2->tail==forth)  { 
header_newn2->tail=prev4 ; 
prev4->next=NULL ; 
complete=TRUE ; 

} 

if (header_newn2->head==forth)  { 

header_newn2->head=f orth->n6xt ; 

> 

if ( (forth ! =prev4)&& (complete ! =TRUE) )  { 
prev4->next=prev4->next->next ; 
f orth=f orth->next ; 

> 

else  { 

prev4=prev4->next ; 
f orth=f orth->next ; 

> 

if (header_newnl->tail==third)  { 
header_newnl“>tail=prev3 ; 
prev3->next=NULL ; 
end=TRUE ; 

> 

if (header_newnl->head==third)  { 
header_newnl->head=third->next ; 

> 

if ( (third ! =prev3) tft (f inished ! =TRUE) )  { 
prev3->next*prev3->next->next ; 
third=third->next ; 

> 
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else  { 

prev3=prev3->next ; 
third=third->next ; 

} 

if (header_newnl->tail==second)  { 
header_newnl->tail=prev2; 
prev2->next=NULL ; 
done=TRUE ; 

} 

if (header_newnl->head==second)  { 
header_newnl->head=second->next ; 

} 

if ( (second ! =prev2) 44 (end ! =TRUE) )  { 
prev2->next=prev2->next->next ; 
second=second->next ; 

> 

else  { 

prev2=prev2->next ; 
second=second->next ; 

> 

if (header_newp2->tail==f irst)  { 
header_newp2->tail=prevl ; 
prev 1 - >next=NULL ; 
stop=TRUE; 

> 

if  (header _newp2->head==f  irst)  •( 
header_newp2->head=f irst->next ; 

} 

if ( (f irst ! =prevl ) 44 (done ! =TRUE) )  { 
prevl->next=prevl->next->next ; 
f irst=f irst->next ; 

} 

else  { 

prevl=prevl->next ; 
f irst=f irst->next ; 

} 

header_newp2->length — ; 
header _newnl->length — ; 
header_newn2->length — ; 

curr=head_prenand2->tail;  /♦  end  of  nand2*/ 


else  if  (((strcmp(first->gate, forth  •>gate))==0)44 
( (strcmp(second->gate ,third->gate) ) ! =0)44 
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((strcmp(second->gate,f irst->gate)) !=0)ft& 

((strcmpCf irst->gate,third->gate)) !=0)ftft 
( ( ( (strcmpCf irst->drain,8econd->drain) )==0)ftft 
((strcmp(third->drain,forth->drain))==0)&ft 
( (strcmp (third->source , second->drain) ) ==0) && 
((strcmp(second->source,third->drain))==0)) I  I 
(((strcmpCf  irst->drain,8econd->drain))==0)a:& 

( (strcmp (second->source, third->source) )==0)ftft 
((strcmpCf orth->drain,third->source) )==0)ftft 
((strcmp(third->drain.second->drain))==0)) I  I 
(((strcmpCf ir8t->drain,second->source) )==0)ftft 
( (strcmp(second->drain,third->source))==0)ftft 
( (strcmp (third->drain,second->source))==0)ft& 
((strcmp(third->8ource,forth->drain) )==0) ) I  I 
(((strcmpCf irst->drain,second->source))==0)&& 

( (strcmp (third->drain,second->drain))==0)ft& 

( (strcmp (third->source , second->source) ) ==0) && 

( (strcmp (third->drain ,forth->drain) ) ==0) ) ) )  { 
head_prenor2->length++ ; 
currl=head_prenor2->tail ; 
f inished=TRUE ; 
newprenor2=Newprenor2() ; 

if (head_prenor2->head  ==  NULL)  { 
head_prenor2->head=newprenor2 ; 
head_prenor2->tail=newprencr2 ; 

} 

else  { 

head_prenor2->tail=newprenor2 ; 
currl->next=newprenor2 ; 

} 

newprenor2->inputl=malloc(sizeof (char)*strlen(second->gate)+l) ; 
newprenor2->input2=malloc(si2eof (char)*strlen(third->gate)+l) ; 
newprenor2->phase=malloc(sizeof (char)*strlen(f irst->gate)+l) ; 
newprenor2->output=malloc(sizeof (char)*strlen(f irst->drain)+l) ; 
strcpy (newprenor2->inputl ,second->gate) ; 
strcpy (newprenor2-> input2 , third->gate) ; 
strcpy (ne¥prenor2->phase ,f irst->gate) ; 
strcpy (newprenor2->output,first->drain) ; 
if (((strcmp (second->length, third->length) )==0)&ft 
( (8trcmp(second->length,forth->length) )==0))  { 
totallength=(8trlen(f irst->length)+strlen(second->length)+2) ; 
newprenor2->length=malloc (sizeof (char) * (totallength) + 1 ) ; 
strcpy (newprenor2->length ,f irst- >length) ; 
strcat (newprenor2->length," — ") ; 
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strcat (newprenor2->length , second->length) ; 

} 

else  { 

totallength=(strlen(f irst->length)+strlen(second->length)+ 

strlen(third->lQngth)+strlen(f orth->length)+4) ; 
newprenor2->length=malloc(sizeof (char)*(totallength)+l) ; 
strcpy(newprenor2->length,f irst->length) ; 
strcat (newprenor2->length," — ") ; 
strcat (newprenor2->length , second- > length) ; 
strcat(newprenor2->length, ; 
strcat (newprenor2->length,third->length) ; 
strcat (newprenor2->length,"-") ; 
strcat (newprenor2->length,forth->length) ; 

> 

if ( ( (strcmp(second->width,third->width) )==0)ft& 

( (strcmp(second->width,forth->width) )==0) )  { 
totalwidth=(strlen(f irst->width)+strlen(second->width)+2) ; 
newprenor2->width=malloc(sizeof (char ) * (tot alwidth) + 1) ; 
strcpy (newprenor2->width,f irst->width) ; 
strcat (newprenor2->tf idth, " — ") ; 
strcat (newprenor2->width , second->Hidth) ; 

} 

else  -C 

totalwidth=(strlen(f irst->width)+strlen(second->width)+ 

strlen(third->width)+strlen(forth->width)+4) ; 
newprenor2- >Hidth=malloc (sizeof (char ) * (totalwidth) + 1) ; 
strcpy(newprenor2->width,f irst->width) ; 
strcat (newprenor2->width , " — ") ; 
strcat (newprenor2->width , second“>width) ; 
strcat (newprenor2->width,"-") ; 
strcat (newprenor2->width , third->width) ; 
strcat (newprenor2->width 
strcat (newprenor2->width ,f orth->width) ; 

} 

if (header_newn2->tail==forth)  { 
header_newn2->tail=prev4 ; 
prev4->next=NULL; 
complete=TRUE ; 

> 

if (header_newn2->head==f orth)  { 

header_newn2->head=f orth->next ; 

} 

if ( (forth ! =prev4)&& ( complete ! =TRUE) )  { 
prev4->next=prev4->next->next ; 
f orth=f orth->next ; 


} 

else  { 

prev4=prev4->next ; 
f orth=f orth->next ; 

> 

if (header _newnl->tail==third)  { 
header_newnl->tail=prev3 ; 
prev3->next=NULL ; 
end=TRUE; 

> 

if  (header_n6Wiil->head==third)  { 
header_newnl->head=third->next ; 

} 

if ( (third ! =prev3) Aft (finished ! =TRUE) )  { 
prev3->next=prev3->next->next ; 
third=third->next ; 

> 

else  -C 

prev3=prev3->next ; 
third=third->next ; 

> 

if (header_newnl->tail==secondJ  \ 
header_newnl->tail=prev2; 
prev2->next=NULL ; 
done=TRUE ; 

> 

if (header_newnl->head*=second)  { 
header_newnl->head=second->next ; 

} 

if  ( (second !  =prev2)ftft (end !  =TRUE) )  ■( 
prev2->next=prev2->next->next ; 
second=second->next ; 

> 

else  -C 

prev2=prev2->next ; 
second=second->next ; 

} 

if (header_newp2->tail==f irst)  { 
header_newp2->tail=prevl ; 
’'revl->next=NULL ; 

_top=TRUE; 

> 

if (header_newp2->head==first)  { 
header_newp2->head=f irst->next ; 

> 
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if ( (first ! =pr ev 1 ) ft& (done ! =TRUE) )  { 
prevl->next=prevl->next->next ; 
f irst*f irst->next ; 

} 

else  { 

prevl®prevl->next ; 
f irst=f irst->next ; 

} 

header_newp2->length — ; 
header_newnl->length — ; 
header_newn2->length — ; 
currl=head_prenor2->tail : 

} 

else  { 

prev4=forth; 
f orth=f orth->next ; 

} 

if (header_newn2->length==0)  break ; 

> 

if (header _newnl->length==0)  break; 
if (finished !=TRUE)  { 
prev3=third; 
third=third->next ; 

} 

f orth=header_newn2->head ; 
prev4=forth; 

> 

if (header. newnl->length==0)  break; 
if (end!=TRUE)  { 
prev2=second ; 
second=second->next ; 

> 

third=header_newnl->head; 
prev3=third ; 

f orth=header_newn2->head ; 
prev4=forth; 

> 

if (header_newp2->length==0)  break ; 
if (done!=TRUE)  { 
prevl=f irst ; 
f irst=f irst->next ; 

> 

second=header_newp2->head ; 
prev2=second; 
third=header_newnl->head ; 
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prev3=third; 

f orth=header_newn2->head ; 
prev4=forth; 

> 
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C.  STRUCTURE  RECOGNITION 


/,t‘**‘********************************************************************* 

*  This  function  performs  the  recognition  of  the  big  file’s  abstract  * 

*  structures .  * 

**♦*♦♦*♦**♦***♦♦*♦*♦*****♦♦♦♦**♦♦♦♦*♦♦♦***♦**♦♦♦♦**♦*********♦***♦**♦***/ 

Function  comparestructureslO 

■C 

trans  *first,  *prevlst,  *second,  *prev2nd; 
char  c ; 

int  nfound.pvdd; 
int  i ; 

f irst=headerl_newp->head; 
prevlst=f irst ; 
numpl=  numnl=0; 
numdevicel=  numtransl=l: 
ground=FALSE; 
nf ound=FALSE; 
pvdd=FALSE; 

whileCf irst ! =NULL)  i 

if (nfound==TRUE)  {  /*  2nd  time  */ 

nfound®FALSE; 

checkpKnumpl  ,numtransl-l) ; 

} 

else  if (((strcmpCf irst->gate,"Vdd"))==0) | | 

((strcmp(first->drain,"Vdd"))==0) | I 
( (strcmpCf irst->source , "Vdd") )==0) ) 

{ 

stacknuml=l ; 

Pushl (first) ; 

combinepKfirst.prevlst) ; 

pvdd=TRUE; 

nump  l=niimtrans  1  - 1 ; 

nfound=FALSE; 

for  (i=l;  i<=numpl;  i++) 

■C 

/*  Find  all  of  the  n-type  transistors  that 
connect  to  the  p-type 
transistors  already  found.  */ 

if (nfound==TRUE)  break; 
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second=header l_newn- >head ; 

if (second==NULL)break;  /*  no  more  N  type;  exit  */ 
prev2nd=second ; 

/♦***♦♦♦*♦♦♦♦♦*♦**♦*****♦**♦*♦♦***♦♦*♦*♦*♦*♦*♦*♦*♦*♦♦**♦***♦**♦*♦♦♦♦♦♦*♦ 
♦*  Does  the  n-type  transistor  connect  to  the  p-type  transistor?  ** 

:^^:i^^L:^^^li^f^L:ti*************************************************************/ 

while ( (second ! =NULL)&ft (nf ound==FALSE) ) 

{ 


if (((strcmp(second->source,structurel [numdevicel] [i]->source))==0) 1 1 
((strcmp(second->source, structural [numdevicel] [i] ->drain))==0) 1 ! 
((strcmp(second->drain, structure! [numdevicel] [i] ->source) )*=0) I  I 
( (strcmp(second->drain, structure! [numdevicel] [i] ->drain) )==0) ) 

{ 

stacknuml=l ; 

Pushl (second) ; 

comb inenl (second, prev2nd) ; 
nfound=TRUE: 

> 

else  ■[ 

prev2nd=second ; 
second=second->next ; 

} 

> 

> 

> 

/*int‘’¥**********************************************************t** 

**  Has  a  p-type  transistor  which  connects  to  Vdd  been  found?  ** 

**  Yes,  has  a  matching  n-type  been  found?  No,  error  in  .sim  ** 

**  file  because  a  Vdd  transistor  must  go  to  an  n-type  sometime.  *♦ 

if ( (pvdd==TRUE)*A (ground==FALSE) )  { 
tcountl [numdevicel] =numtransl-l ; 
print_error 0 ; 

printfC'Do  you  want  to  quit  and  check  your  .sim  file?  (y  or  n)"); 
c=getchar() ; 

while((c!=’y’)ft&(c!=’n’))  { 

printf ("(y  or  n)") ; 
c=getchar() ; 

} 

if(c==’y’)  { 
print.structureslO  ; 
exit(O) ; 

} 

else  ground=TRUE; 
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} 

/*♦*♦♦♦♦**♦♦***♦**♦****♦♦*♦♦**♦****♦♦♦♦*♦***************** ******** 
**  Has  a  p-type  transistor  which  connects  to  Vdd  been  found?  ** 

**  No,  continue  the  search  through  the  linked  list.  ** 

******************************************************************/ 
else  if (pvdd==FALSE)  { 
prevlst=f irst ; 
f irst=f irst->next ; 

} 

/*:«i«««*«««**«***************************************************** 

**  A  partial  level 1  device  has  been  found.  Repeat  the  loop  and  ** 

**  see  if  there  is  another  transistor  in  this  device.  ** 

*♦*****>*!*♦*♦♦*****************************************************/ 

else  if (nfound==TRUE)  { 
f irst=headerl_newp->head; 
prevlst=f irst ; 

} 

/ik*4ii(i4i**4i**4c4[stcitii^i«i*4:4<********************************************** 

**  A  level  1  device  has  been  found  reset  the  seeirch  pointers  and  ** 
**  see  if  there  is  another  levell  device  in  the  circuit.  ** 

******************************************************************/ 
else  { 

tcovintl  [numdevicel]=numtransl--l ; 
nuindevicel++; 
ntnntransl*! ; 
ground®FALSE: 
nfound=FALSE; 
pvdd=FALSE; 

if  (header l_newp->length"0)  break; 
else 

f irst=headerl_newp->head ; 
prevlst=f irst ; 

> 

> 

/:t<:tc:ti:ti^4<*********************************************************** 

**  Determine  whether  above  section  was  exited  before  numdevice  ** 
**  was  incremented. 

«4>****************************************************************/ 

if  (nf o\ind=aTRUE)  { 

tcountl [numdevicel] =numtransl-l ; 
nf ound=FALSE ; 
numdevicel++ ; 

} 

/^iti4i******4<******************************************************* 

**  There  are  no  transistors  connected  to  Vdd  left  connect  ** 
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**  the  remaining  transistors  in  the  file.  ** 

i 

/««****4i*«4:*4c4i«**iti««4i*«*4i4<4t*«it<4<****«***«*«**i»«4t*«***************** 

**  Combine  the  two  transistor  lists  for  easy  recursive  compares,** 

*«**:t:*******************«************************4l«*****  *«*«***«**/ 

headerl.new  =  createO; 
if (headerl_newp->head!=NULL)  { 

headerl_new->head=headerl_newp->head; 
header l_newp->tail->next=headerl_newn->head; 

> 

else  { 

header l_new->head=headerl_newn->h6ad; 

} 

header l_new->tail=headerl_newn->tail; 
first  =  headeri_new->head; 

**  There  are  no  transistors  connected  to  Vdd  left  connect  ** 

**  the  remaining  transistors  in  the  file.  ** 

***:ti*i4>iti4i**4>*4<iti**4<***«***4i4i*********#*>»4<*«******************  ****««*/ 

while(f irst !=NULL) 

{ 

stacknuml=l ; 
numtransl=l ; 
prevlst=f irst ; 

Pushl (first) ; 
combinelCfirst.prevlst) ; 
first  *  header l.new->head; 
tcountl [numdevicel] =numtransl-l ; 
numdevicel++ ; 

> 

} 

*♦  Prepare  numdevice  counter  for  printing.  ** 

headerl_newp->length=0 ; 
headerl_newn->length=0 ; 
numdevicel=n\imdevicel-l ; 

> 

*  This  function  pushes  a  transistor  in  the  stack.  * 

**********************************************************^:„:^*:^*^^**^**^^^^^*/ 
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Function  Pushl(T) 
trans  *T ; 

■C 

stackl [stacknuml]  =  T; 
stacknuinl++ ; 

if ((strcmp(T->type,"p"))==0)  { 

if ( (strcmp (T->source , " Vdd" ) ) ==0)  { 

p2countl [numdevicel]++; 
pcountlCnumdevicel]++; 

} 

else{ 

p 1 count 1 [numdev ice !]+♦; 
pcountl  [numdGvicel]+-*-; 

> 

> 

else  { 

if ( (strcmp (T->source , "GND") )==0)  { 
n2countl [numdevicGl]++; 
ncountl [numdevicel]++ ; 

} 

else  { 

ncountl [numdevicel]++; 
nlcount 1 [numdevicel] ++ ; 

} 

> 

> 

**  This  function  removes  the  transistor  from  the  stack  and  ** 

**  places  it  into  the  "structurel"  array.  ** 

*****************************iti***4iiii******************************/ 

Function  Popl() 

{ 

trans  *tt; 

tt  =  stackl [stacknuml- 1]  ; 

structurel  [numdevicel]  [numtransl++]  =  stackl [ — stacknuml]; 

> 

z***************************************************************** 

**  This  function  compares  the  transistor  with  all  of  the  ♦* 

*♦  in  the  list  to  find  a  match.  It  calls  itself  recursively  ** 

*♦  until  all  matches  are  found.  ** 
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t:,^^:^:1i^H:^mt*******************************************************/ 


Function  combinel (start .prevlst) 
trans  *start,  *prevlst; 

{ 

trans  *compare: 
int  set ; 
set=FALSE; 

/^^:i^L^,■^HI^^,^^^^^.^L^l^^**i^****iHt■^:^^^^i^*1^^l**^^**^t^^:^Hf:**^f^HHt************************ 

**  Remove  the  transistor  that  now  is  part  of  an  abstract  structure.  ** 
♦*  If  the  transistor  lists’  head  or  tail  pointer  are  to  be  ** 

**  deleted  change  the  head  or  tail.  Delete  the  used  transistor  ** 

**  and  decrease  the  transistor  lists’  length.  ** 

:4i  :ti  :4c  %  :4c  :ti  4t  *  4i  :ti  4i  1)1 4^  <1 4i  *  4  4^  *  *  4<  *  Ik  *  *  #  4:  %  *  *  #  «  *  *  <1  *  *  >41  <1  Id  4<  ><<  4i  *  %  41  >ti  / 

compare  =  start; 
if (headerl_new->length  ==  1)  { 
set  =  TRUE; 

header l_new->length  =  0; 
headerl_new->head  =  NULL; 
start->next=NULL ; 

> 

else  {  if(start==  header l_new->head  &&set!=TRUE)  { 
headerl_new->head  =  start->next; 
headerl_new->length-- ; 

} 

else  <  if (start*®  headerl.new->tail  ft&set!»TRUE)  { 
headerl_new->tail  «  prevlst; 
prevlst->next=NULL ; 
headerl_new->length-- ; 

} 

else  { 

prevlst->next=prevlst->next->next; 
start->next=NULL ; 
headerl_new->length — ; 

} 

} 

} 

/  4c4c4c4  4  4c4c4c444c44  4c4c44c4c4c4c4c4c4c4c4c4c4c4c4  44c4c4‘4c4c4c4c4c4c4c4c4c4c4c4c4i4c4c4c4c4c4c4c4‘4c4c4c4c4c4c4>4c>|c4c4c 
4i4c  Go  to  the  head  of  the  list  to  begin  the  comparisons.  *4c 

4  4c  4c  *  4  4c  4c  4c  4c  4c  4c  4c  4c  4c  4  4: 4c  4  4c  4i  4c  4c  4c  4c  4c  4c  4c  4c  4<  4  4c  4c  4c  4i  4c  4i  4c  4c  4i  4c  4c  *  4c  4c  4c  4  4c  4  4c  4c  4i  4c  4<  4c  4c  4c  4  4c  4c  4c  4c  4  4c  4c  4  / 

if (header l_new->head  !=  NULL) 
start  =  header l_new->head; 

} 

else  { 
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start  =  NULL; 


> 

whileCstart  !=  NULL) 

{ 

**  Are  there  any  transistors  that  can  be  connected  into  a  levell** 
**  device .  **  * 

if (((strcmp(start->source,compare->source))==0) | | 
((strcmp(start->source,compare->drain))==0) I  I 
((strcmp(start->drain,compare->source))==0) I  I 
( (strcmp(start->drain,compare->drain))==0)) 

{ 

/ifHi:t:if^iim^i*^,im*^L^i^HHlrif^f:tf******************************************** 

**  A  match  was  found,  place  the  transistor  on  the  stack  and  ** 
**  find  any  transistors  which  connect  to  it.  ** 

Pushl (start) ; 

comb inel (start .prevlst) ; 

/)IHf^HHf^t:*^HH:*^:^:*tH***H:1,^H:if:m***************************************** 

**  The  recursive  call  comes  back  to  here.  Reset  the  searching  ** 
**  pointers  to  continue  the  seairch.  ** 

start*headerl.new->head; 

> 

else 

< 

/*:^nc^^,t*************************************‘*******!^i**********-t.*** 

**  No  match  was  fo\ind  increment  the  pointers.  ** 

*****JI‘********Ai*t**************it‘*************>¥*******************/ 

prevlst=start ; 
start=start->next ; 

> 

} 

/************♦*♦*♦♦******♦♦**********♦♦♦****♦♦♦***♦♦♦♦♦♦♦*♦*♦♦*♦** 
**  No  more  transistors  to  compare  this  time.  Place  the  ♦♦ 

♦*  into  the  structurel  device  array.  *♦ 

***♦**♦♦♦**♦****♦**♦**♦****♦♦♦****♦♦**♦♦♦*****♦******♦***♦*♦***♦*/ 

Popl  0  ; 

> 

/*♦**♦*♦*♦♦♦******♦♦**♦*♦**♦***♦***♦****♦**♦♦*****♦♦*****♦♦*♦♦**♦* 

**  This  function  compares  the  transistor  with  all  of  the  ** 

*♦  in  the  list  to  find  a  match.  It  calls  itself  recursively  ** 
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*♦  \mtil  all  matches  are  found.  ♦* 


Function  combinepl(  startp.prevlst) 
trams  *startp,  *prevlst; 

{ 

trans  *compare; 
int  set; 
set=FALSE: 

**%****«»>«  *****>»:»«*>ti«**«*****««4t  4c  «*********««««*« 

*♦  Remove  the  transistor  that  now  is  part  of  a  level  1  device.  ♦* 
*♦  If  the  transistor  lists'  head  or  tail  pointer  are  to  be  ** 

**  deleted  change  the  head  or  tail.  Delete  the  used  transistor  ** 
**  and  decrease  the  transistor  lists’  length.  ** 

4c  *  4c  4>  *  *  *  *  *  4c  *  ctcctc  4c  4c  Itc  *  4c  *  4c  C*>  *  *  *  %  >l>  *  *  4c  %  *  «  4c  *  4<  %  4c «  «  4c  4c  4, 4, 4i  41 41 4, 41 4I  t  cf  4c  4c  4c  4c  *  4c  *  4c «  *  4c  4c  4I  / 

compare  =  startp; 
if (header l_newp->length  ==  1)  < 
set  =  TRUE; 

headerl_newp->length  =  0; 
header l_newp->head  =  NULL; 
startp->next=NULL ; 

> 

else  { 

if(startp==  headerl_newp->head  ftftset!=TRUE)  { 
headerl_newp->head  =  startp->next; 
headerl_newp->length-- ;  } 
else  { 

if(startp==  headerl_newp->tail  &&set!=TRUE)  { 
header l_newp->tail  =  prevlst; 
prevlst->next=NULL ; 
headerl_newp->length — ; 

} 

else  { 

prevlst->next=prevlst->next->next ; 
startp- >next=NULL ; 
headerl_newp->length — ; 

> 

} 

} 

/  4c  4c  4c  *  4c  4c  4c  4c  4c  4c «  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  *  4c  4c  4c  4c  4c  41 4c  4c «  4c  4c  4c  4c  4c  4c  *  4c  4c  4c  4c  4' 4c  4c  4c  4c  4c  41 4c  *  4c  4c  4c  4c  4c  4c  4c  4c  4>  4c 

♦  4c  Go  to  the  head  of  the  list  to  begin  the  comparisons.  ♦♦ 

4c4c4c4c*«4c4c4c«c4«4c4c*4c4c4c4c4c4c^4c4c4c4i4c^^^^^^^^4c4c4c*4c4c4c4c4c4c4c*4c4c4c4c4c4c4c4c4c4c4i4c4c4c4c4c4c4c/ 

if (header l_newp->head  !=  NULL) 
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startp  =  header l_newp->head; 
prevlst=startp; 

} 

else  { 

startp  =  NULL; 

} 

while (startp  !=  NULL) 

/  #  ^  If  1)1  :<t  1)1  :tc  :tc  41  ^  4:  :tc  4  <1  *  >l<  *  41 #  41 *  *  #  % 

**  Are  there  any  transistors  that  can  be  connected  into  a  ** 

**  structure.  ** 

4[44*44i44i4*4c4<4>4i)c4i)<4i4ci)ii)i*4  4*i)c*4i4i4444c4i«4i«4ii)i4i***««>f«4''  4***41441*414444444/ 

if  ( ( ( (strcmp(startp->source ,compare->source) )==0)&& 
((strcmp(startp->source,"Vdd")) !*0)) I  I 
( ( (strcmp(startp->source ,compare->drain) )==0)ft& 
((strcinp(startp->source,"Vdd"))  !=0))  I  1 
( ( (strcmp(startp->drain,compare->source) )==0)&& 
((strcmp(startp->source,"Vdd")) !=0)) | I 
(((strcmp(startp->drain,compare->drain))==0)&ft 
( (strcmp(startp->source , "Vdd") ) ! =0) ) ) 

-[ 

/44444444444444444444444444444444444444444444444444444444444444444 

*♦  A  match  was  found,  place  the  transistor  on  the  stack  and  ** 
**  find  any  tramsistors  which  connect  to  it.  41* 

44444444444444444444444444444444444444444444444444444444444444444/ 

Pushl (startp) ; 

'•ombinepl  (s'fartp  ,prevl®t) ; 

/444  44444444  4444  4  4  444444444444444i)i444444444f  4444f  Iff  44f  i),i)i,)if  f  f  f  f  f ,), 

**  The  recursive  call  comes  back  to  here.  Reset  the  searching  ** 
**  pointers  to  continue  the  search.  ** 

444444444444444444444444444444444444f444444444ffffff4ffffffffffff/ 

St  artp=h  eader 1 _newp- >head ; 

> 

else 

{ 

/4444444*44444444444444444444444444444444444444444444fff4444ffffff 

*♦  No  match  was  foxind  increment  the  pointers.  4* 

44444444444444444444444444444444f f f f 4444444444f f f f f f f f f f f f f f f f f f f / 

prevlst=startp; 
startp=startp->next ; 

} 

> 

/4444*44***4**4**4444*******44** 44 4* ******** **********444*4**444 4* 

No  more  transistors  to  compare  this  time.  Place  the 
♦*  into  the  levell  device  array.  44 
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PoplO; 

} 


/*♦♦**♦*♦♦♦♦♦*♦***♦♦*♦♦*♦♦♦****♦***♦*♦♦******♦***♦***+***♦♦*****♦* 
*♦  This  function  compares  the  transistor  with  all  of  the  ** 

*♦  in  the  list  to  find  a  match.  It  calls  itself  recursively  ** 

**  imtil  all  matches  are  found.  *♦ 

***♦♦♦********♦♦♦*************♦*♦♦***♦♦****♦***♦♦*♦*****♦*♦****♦*/ 

Function  combinenl(startn,prevlst) 
trans  *startn,  *prevlst; 

{ 

trans  fcompare; 
int  set ; 
compare  =  startn ; 
set  =  FALSE; 

/^ll^r|^}t^,^*:^*Jt,^^^:*:^:^t^,^^*^^^^^^*l^****************************************** 

**  Does  this  n-type  transistor  connect  to  ground?  ** 

:^it:**********  ******************************************************/ 

if ( (strcmpC'GND" ,startn->source) )==0) 

•c 

ground=TRUE ; 

} 

/i^^^:^:!t:*****************t**********************************■********* 


**  Remove  the  transistor  that  now  is  part  of  a  structure.  *♦ 
**  If  the  transistor  lists’  head  or  tail  pointer  are  to  be  ** 
**  deleted  change  the  head  or  tail.  Delete  the  used  transistor  ♦♦ 
*♦  and  decrease  the  transistor  lists’  length.  ** 


Jt*:it:**^:^i*rli****  ^l^c^^*i^i^^^^*^^^l^^:i^^*^,^^i^^i^i^^^^^L^lt********************  *******  / 

if (headerl_newn->length  ==  1) 

{ 

set  =  TRUE; 

headerl_newn->length  =  0; 
headerl_newn->head  =  NULL; 
startn->next=NULL ; 

> 

else  i  if(startn==  header l_newn->head  &ftset!=TRUE) 

{ 

headerl_newn->head  =  steirtn->next ; 
headerl_newn->length-- ; 

> 

else  {  if(startn==  header l_newn->tail  4tset.'=TRUE) 
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< 

headerl_newn->tail  =  prevlst; 
prevlst->next=NULL ; 
headerl_neun->length-- ; 

> 

else 

{ 

prevlst->n6xt=prevlst->next->next ; 
startn->next=NULL ; 
headerl_newn->length — ; 

»> 

/^^,^,■tt<|^^^:^**!:^^^^^^*t************************************^^************* 

**  Go  to  the  head  of  the  list  to  begin  the  comparisons.  ** 

****************************************************/ 
if (headerl_newn->head  !=  NULL) 

{ 

startn  =  headerl_newn->head; 
prevlst  =  startn; 

} 

else{ 

startn  =  NULL; 

} 

while(startn  !=  NULL) 

{ 

/  ***************  *******************************^*0***** 

**  Are  there  any  transistors  that  can  be  connected  to  this  ** 

**  device.  ♦♦ 

********************^:1t*^,******l^■^*i^:^*^**:^^,^^^,i^^^t,^,)^^L^l^,^^L******^**^^^  / 

if ( ( ( (strcmp(startn->source ,compare->source))==0)&& 
((strcmp(startn->source,"GND")) !=0)) I  I 
( ( (strcmp(startn->source ,compare->drain) )==0)ft& 
((strcmp(startn->source,"GND")) !=0)) I  I 
((strcmp(startn->drain,compare->source))==0) I  I 
( (strcmp(startn->drain , compare->drain) )==0) ) 

/*******************************iH*^L^L**^HL^^,^Hi^Li^*:^^^^:t^^HHHLi^^c^i:H::^^L** 

**  A  match  was  found,  place  the  transistor  on  the  stack  and  *♦ 
♦*  find  2uiy  transistors  which  connect  to  it.  *♦ 

**♦*♦♦***♦*♦♦♦*♦♦♦♦**♦♦♦•♦♦*♦***♦*♦♦*♦♦*♦♦**♦♦♦♦*♦**♦**♦♦♦*♦♦♦♦♦♦/ 

Pushl (startn) ; 
combinenl (startn, prevlst) ; 

/*♦*♦*♦♦*♦*♦♦♦**>»*♦♦♦*♦***♦♦♦*♦♦*♦♦**♦♦*♦♦****♦**♦♦♦*♦*♦♦*******♦♦ 

♦♦  The  recursive  call  comes  back  to  here.  Reset  the  searching  ♦* 
*♦  pointers  to  continue  the  search. 

*♦♦♦♦♦♦*♦♦**♦♦**♦♦*♦*♦♦♦♦*♦*♦♦***♦****♦**♦♦♦*♦*♦♦♦♦♦*♦♦♦*♦♦♦*♦♦♦♦/ 
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startn=header l_newn->head ; 

} 

else 

{ 

/**♦♦♦*♦♦***♦♦*♦*♦***♦♦♦♦**♦******♦**♦*♦♦***♦*♦♦*♦***♦******♦♦**** 
**  No  match  was  foxmd  increment  the  pointers.  ** 

t***^:iti**************)^******************************************‘**/ 

prevlst=startn ; 
startn=startn->next ; 

} 

> 

/:^^^:^^:t‘*********************************************************** 

**  No  more  transistors  to  compare  this  time.  Place  the  ** 

**  into  the  levell  device  array.  ** 

****************  / 

PopK) ; 

> 

/**************************************************************** ^ 


**  Function  checkpdo ,hi)  ** 
**  This  function  compares  the  transistor  with  all  of  the  ** 
**  in  the  list  to  find  a  match.  It  calls  itself  recursively  ** 
**  until  all  matches  are  found.  ** 


*****************************************************************/ 

Function  checkpl (lo ,hi) 
int  lo,hi; 

■[ 

int  pf ound ,nf ound, i I j ; 
int  hi2nd,lasthi ; 

trans  *first,  ♦prevlst,  ^second,  *prev2nd; 

nfound=FALSE; 

f irst=headerl_newp->head ; 

prevlst=f irst ; 

second=headerl_newn->head; 

prev2nd=second , 

whileCf irst ! =NULL)  { 
pfound=FALSE; 
for(i-lo;i<=hi;i++)  { 

if ( ( ( (strcmpCf irst ->source .structure! [numdevicel] [i]  ->source) )==0)&& 
((strcmp(first->source,"Vdd")) !=0)) I  I 

( ((strcmpCf irst->source,structurelCnumdevicel] [i] ->drain) )==0)&& 
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((strcmp(first->source,"Vdd")) !=0)) I  I 

( ( (strcmp (f irst->drain , structure! [numdev ice 1] [i] ->source) ) ==0)&& 
((strcinp(first->source,"Vdd"))  !=0))  I  I 

( ( (strcmp (first->drain .structure! [numdevice!] [i] ->drain) ) ==0)&& 
((strcmpCf irst->source,"Vdd")) !=0)) ) 

{ 

pfound=TRUE; 

Push! (first) ; 
combinep!(first,prev!st) ; 
i  2nd=numtrans!-! ; 
for(j=hi; j<=hi2nd; j++)  { 

while (second !=NULL)  { 

if ( ((strcmp(second->source, structure! [numdevice!] [i] ->source) )==0) | | 
( (strcmp (second->source, structure! [numdevice!] [i] ->drain) )==0) I  I 
((strcmp(second->drain,structure![numdevice!] [i] ->source) )==0) I  I 
( (strcmp (second->drain, structure! [numdevice!] [i] ->drain) )==0) ) 

stackn\im!=! ; 

Push! (second) ; 

combinenl(second,prev2nd) ; 
nfound=TRUE; 

second=header !_newn->head ; 
prev2nd=second ; 

lasthi=numtrans!-! ; 

} 

else  •[ 

prev2nd=second ; 
second=second->next ; 

} 

> 

} 

> 

if (pfound==TRUE)  { 
f irst=header!_newp->head; 
prev!st=f irst; 
break ; 

} 

} 

if  (  (pf ound--=FALSE) && (first ! sNULL)  )  •[ 
previs. -first; 
f irst=f irst->next ; 

} 

} 

if (nfound==TRUE)  { 

checkp!(hi2nd,lasthi) ; 
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/:»***«*«  «4<*«4<«***it<*%**4'>ti**>l<«***«4<*«>»**«4>*«**4<4>*  ****** 

*  This  function  recognizes  the  small  file’s  abstract  structures.  * 
******************************************************************/ 

Function  comparestructures () 

-c 

trans  *first,  *prevlst,  *second,  *prev2nd; 

Chao:  c ; 

int  nfound.pvdd; 
int  i; 

f irst=header_newp->head; 

prevlst=f irst ; 

nump=  numn=0; 

numdevice=  numtrans=l; 

ground=FALSE; 

nfound=FALSE; 

pvdd=FALSE; 


while(first!=NULL)  { 

if (nfound=*TRUE)  {  /*  2nd  time  »/ 

nfound=FALSE; 
checkp(nump,numtrans-l) ; 

> 

else  if (((strcmp(first->gate,"Vdd"))==0) 1 1 
((strcmp(first->drain,"Vdd"))==0) 1 | 

( (strcmpCf irst->source,"Vdd"))==0)) 

stacknum=l ; 

Push(f irst) ; 

combinep (first .prevlst) ; 
pvdd=TRUE ; 
nump=numtrans-l ; 
nfound=FALSE; 


for  (i=l;  i<=nump;  i++) 

•C 


/*  Find  all  of  the  n-type  transistors  that 
connect  to  the  p-type 
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transistors  already  found. 


*/ 

if (nfound==TRUE)  break; 
second=header_newn->head ; 

if (second==NULL)break;  /*  no  more  N  type;  exit  */ 
prev2nd=second ; 

/***♦♦♦**♦♦♦***♦♦♦*♦****♦♦♦*****♦♦♦***♦****♦♦***♦♦**♦********♦**♦♦ 

**  Does  the  n-type  transistor  connect  to  the  p-type  transistor?  ** 

«**iti4t4c***«!t[«««***4[*****4<  »<*****«  *<<«******4"»«4‘*******«*************>l‘/ 

while ( (second! =NULL)ftft (nfound==FALSE)) 

{ 

if (((strcmp(second->source,structureCnumdevice]  [i] ->source) )==0) I | 
( (strcmp(second->source .structure [numdevice] [i] ->drain) )==0) | I 
((strcmp(second->drain, structure [nximdevice] [i]->source))==0) | I 
( (strcmp (second->drain , structure [numdevice] [i]  ->drain) ) ==0) ) 

{ 

stacknum=l ; 

Push(second) ; 

combinen(second,prev2nd) ; 
nfound=TRUE; 

> 

else 

{ 

prev2nd=second; 
second=second->next ; 

> 

> 

} 

> 

/^^^^^■^i^i|^^t^**********i^***’¥^^^^1^*1^*******^l^****1^*1^**^^*^^********^^***^^**^^^^* 

**  Has  a  p-type  transistor  which  connects  to  Vdd  been  found?  ** 

**  Yes,  has  a  matching  n-type  been  found?  No,  error  in  .sim  ** 

**  file  because  a  Vdd  transistor  must  go  to  an  n-type  sometime.  ** 

if ( (pvdd==TRUE) && (ground==FALSE) )  { 
tcount [numdevice] =numtrans- 1 ; 
print. error () ; 

printfC'Do  you  want  to  quit  and  check  your  .sim  file?  (y  or  n)"); 
c=getchar() ; 

while((c!  =  'y’)ftft(c!  =  ’n’))  •[ 

printf ("(y  or  n)") ; 
c=getchar() ; 

> 

if(c==’y’)  { 

print.structuresO ; 
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exit(O)  : 


} 

else  ground=TRUE ; 

} 

/*#Xi4i««««4i*«4i*««itc********itc**#******4i«*i»****«4i***«**«***K<***4<***:t‘*« 

♦*  Has  a  p-type  transistor  which  connects  to  Vdd  been  found?  *♦ 

**  No,  continue  the  search  through  the  linked  list.  ** 

*4i:tc4titt4iiti**4i««*****«i|c*««***4[itt*4i4t:t‘*4<4i****>t>*«**«*****>tt***  «***«*«  *«*>»*«/ 

else  if (pvdd==FALSE)  { 
prevlst=f irst ; 
f irst*f irst->next ; 

} 

/:tL***^m******^***lt:*lH:t******************************************** 

**  A  partial  levell  device  has  been  found.  Repeat  the  loop  euid  *♦ 

**  see  if  there  is  another  transistor  in  this  device.  ** 

*rt,*:^f*if:it:jHf^rififtlf)Ht^t}mfiif:^i^i*^f:^t^tlt:t***************************************/ 

else  if (nf ound==TRUE)  { 
f irst=header_newp->head ; 
prevlst=f irst ; 

} 

**  A  levell  device  has  been  found  reset  the  search  pointers  and  ** 
**  see  if  there  is  another  levell  device  in  the  circuit.  ** 

******************************************************************/ 
else  { 

tcount [numdevice] *numtrans-l ; 

numdevice++ ; 

nuintransl=l ; 

ground=FALSE: 

nfo;ind=FALSE; 

pvdd=FALSE; 

if (header_newp->length==0)  break; 
else 

f irst=header_newp->head; 
prevlst=f irst ; 

} 

} 

/***************************************************************** 

**  Determine  whether  above  section  was  exited  before  numdevice  ** 
**  was  incremented. 

********************************************************* *********^ 

if (nfound==TRUE)  < 

tcount [numdevice] =numtrans- 1 ; 

nfoimd=FALSE; 

numdevice++ ; 
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} 

/  4i  Iti  Iti  4i  1(1 4t  ^  ^  <1  *  41  <1 4<  4=  %  41  41  4' *  >1' It' 4^  4: 4: 4: 4: 

4*  There  are  no  transistors  connected  to  Vdd  left  connect  *4 

44  the  remaining  transistors  in  the  file.  44 

♦*4444*4444*444********444**4*44*4*44444*4 444444444444444444*44444/ 

•c 

/444444444444444444444444 44 44444444444444444444 44 44444 44 4444444444 
44  Combine  the  two  transistor  lists  for  easy  recursive  compares. 44 
4444444444444444444*44444**44444444444444444*444444444444444444444/ 

header.new  =  createO; 
if (header _newp->head!=NULL)  { 

header_new->head=header_newp->head; 

header_newp->tail->next=header_newn->head; 

> 

else  { 

header_new->head=header_newn->head; 

} 

header_new->tail=header_newn->tail ; 
first  =  header_new->head; 

/4444444444i»444444%**i|i«44:*4i:^*«««itc444444iti«*««44*:tc444444444444itt*««4:>4c 

44  There  are  no  transistors  connected  to  Vdd  left  connect  4* 

44  the  remaining  transistors  in  the  file.  4* 

while (f irst ! =NULL) 

{ 

stackniom*! ; 
numtrans=l ; 
prevlst=f irst ; 

Push(f irst) ; 
combineCf irst .prevlst) ; 
first  =  header _new->head; 
tcount [numdevice] =numtrans- 1 ; 
numdevice++ ; 

} 

} 

/  444444444444444444  4  444444444444  44:tr  444441 4[4iit[>4[«it[^:|t4444  4  4444444:|iiti«4i:ti4t 

**  Prepare  numdevice  co\inter  for  printing.  ** 

4  44444  444444  44  4444414141]^  4iiti4[i|i^4r  41 41 414141414,41 4, 4, 4, 4,4,4, 4, 4,  ,^4,  ! 

header _newp->length=0 ; 
header _newn->length=0 ; 
numdevice=n\imdevice-l ; 

} 

/***4****4**4,44,4444,4,*4,*4i4i4i4,4i4i4,4i4,4i4,4,4,4i4i4i4,4,4,4,4,4,4i4,4i4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4,4, 
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♦  This  fiinction  pushes  a  transistor  into  the  stack.  * 

♦♦♦****************************************************************/ 

Function  Push(T) 
trans  *T ; 

{ 

stack [stacknum]  ®  T; 
stackn\m++; 

if ((strcmp(T->type,"p"))==0)  { 

if ( (strcmp (T->source , " Vdd") )==0)  { 
p2count [numdevice] ++ ; 
pcount [numdevice] ++ ; 

} 

else-C 

pi count [numdevice] ++; 
pcount [numdevice] ++ ; 

} 

} 

else  { 

if ((strcmp (T->source , "GND") )==0)  { 
n2count [numdevice] ++ ; 
ncount [numdevice] ++ ; 

> 

else  { 

ncount [numdevice] ++ ; 
nlcount [numdevice] ++ ; 

> 

> 

} 


**  This  function  removes  the  transistor  from  the  stack  and  ** 

**  places  it  into  the  levell  (structurel)  array.  ** 

«*«*««:«  ****««««***  ********4<**************4>*****<t<*«**Ki***********>t>/ 

Function  PopO 

{ 

trans  ♦tt ; 

tt  =  stack [stacknum- 1] ; 

structure [numdevice] [numtrans++]  =  8tack[ — stacknum]; 

} 
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**  This  function  compares  the  transistor  with  all  of  the  ** 

**  in  the  list  to  find  a  match.  It  calls  itself  recursively  ♦* 

**  until  all  matches  are  found.  ** 

^c*:ll***********^i*************************>ti*****<tHHHHH:*:tf:*******rti***/ 

Function  combine (start .prevlst) 
trans  *st2u:t,  *prevlst; 

{ 

trans  *compare; 
int  set ; 
set=FALSE: 

/iUftti^HHf^^f^f^^iitHt^HHf^^t^ti********************************************** 

**  Remove  the  transistor  that  now  is  part  of  a  structure.  ** 

**  If  the  transistor  lists’  head  or  tail  pointer  are  to  be  ♦♦ 

**  deleted  change  the  head  or  tail.  Delete  the  used  transistor  ** 
**  and  decrease  the  transistor  lists’  length.  ** 

compare  =  start ; 
if (header_new->length  ==  1) 

{ 

set  =  TRUE; 

header .new->length  =  0; 
header _new->head  =  NULL; 
start->next=NULL ; 

} 

else  •( 

if(start==  header_new->head  &&set!=TRUE)  { 
header_new->head  =  start->next; 
header_new->length — ; 

} 

else  { 

if(start==  header_new->tail  ft&set!=TRUE)  { 
header_new->tail  =  prevlst; 
prevlst->next=NULL ; 
header_new->length — ; 

> 

else  { 

prevlst->next=prevlst->next->next ; 
start->next=NULL ; 
header_new->length-- ; 

> 

} 

> 
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**  Go  to  the  head  of  the  list  to  begin  the  comparisons.  ** 

^i^l:^^^L*^:iiH^^^i^HHl^Hlt*********>^*****************************************/ 

if (header_new->head  !=  NULL)  { 
start  =  header_new->head: 

} 

else  { 

start  =  NULL; 

} 

while(start  !=  NULL) 

< 

/4Ht*************rft*****************************lt:*i^*t:Ht************* 

**  Are  there  any  transistors  that  can  be  connected  into  a  ** 

*♦  structure?  ** 

if (((strcmp(start->source,compare->source))==0) | | 
((strcmp(start->source,compare->drain))==0) I  1 
((strcmp(start->drain,compare->source))==0) I | 

( (strcmp(start->drain , compare->drain) )==0) ) 

■C 

/*^^^^***^^^^^Hi^il^^^■^li^lt‘************************l|^**^^**^^****************l|^* 

**  A  match  was  found,  place  the  transistor  on  the  stack  and  ** 
♦*  find  any  transistors  which  connect  to  it.  ** 

^t^^^tttt*********************************************************/ 

Push(start) ; 
combine(start .prevlst) ; 

/*^i****^i**^f*it********t*************^f******m*ttti******1t***i********** 

**  The  recursive  call  comes  back  to  here.  Reset  the  searching  ♦* 
**  pointers  to  continue  the  search.  ** 

start=header_new->head ; 

} 

else 

{ 

/  *****>Hi*****^t^lJt:***********************^i^i^iilf*1l1i*^L:ti^**Aiifi4Lj^:^**  **  t**** 

**  No  match  was  found  increment  the  pointers.  ♦* 

prevlst=steu:t ; 
start=start->next ; 

} 

} 

/*****************************!*********^t********<lL^c**lH:4:4L4:******** 

**  No  more  transistors  to  compare  this  time.  Place  the  ** 

**  into  the  level 1  device  array.  ** 
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PopO  ; 

} 


/4c4i4i*>tc«iti****i|i**4[i|c4r«****#*4<***********«*****<t>***4<4>***************** 

**  This  function  compeures  the  transistor  with  all  of  the  ** 

**  in  the  list  to  find  a  match.  It  calls  itself  recursively  ** 

**  until  all  matches  are  foiind.  ** 

^^,IHH|^^:^f^L^^^i)l***i^>m^|l************************************************/ 

Function  combinepC  startp.prevlst) 
trans  *startp,  ♦prevlst; 


{ 

trans  *compare; 
int  set ; 
set=FALSE: 

/^f^i^if*^f1t*tfi^^if**t:*****it‘*****’¥************************************** 

**  Remove  the  transistor  that  now  is  part  of  a  structure .  ** 

**  If  the  transistor  lists’  head  or  tail  pointer  are  to  be  *♦ 

**  deleted  change  the  head  or  tail.  Delete  the  used  transistor  ** 
**  and  decrease  the  transistor  lists’  length.  ** 

**^Hl1^t***********^^*************************^^***************^  ****^l/ 

compare  «  startp; 
if (header_newp->length  ==  1)  { 
set  =  TRUE; 

header_newp->length  =  0; 
header _newp->head  =  NULL; 
startp->next=NULL ; 

} 

else  { 

if(startp==  header_newp->head  ftftset!=TRUE)  { 
header _newp->head  =  startp->next; 
header_newp->length — ;  } 

else  { 

if(st2u:tp==  header_newp->tail  ftftset!=TRlJE)  { 
header_newp->tail  =  prevlst; 
prevlst->next=NULL ; 
header_newp->length" ; 

} 

else  { 


prevlst->next*prevlst->next->next ; 
startp->next=NULL ; 
header_newp-> length — ; 
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> 

} 

} 

/**♦*♦**♦*♦***♦♦♦*♦*♦♦****♦**♦**♦******♦**♦**♦**************♦***♦♦ 
**  Go  to  the  head  of  the  list  to  begin  the  comparisons.  ** 

♦♦♦♦♦♦****♦*♦**♦*♦♦******♦♦♦♦*♦***♦♦♦*****♦♦*♦*****♦***♦*♦**♦*♦♦♦/ 
if (header_newp->head  !=  NULL)  { 
startp  =  header_newp->head; 
prevlst=startp; 

} 

else  { 

startp  =  NULL; 

} 

while (startp  !=  NULL) 

{ 

/  itcili  :ti  :ti  41  :tc  :)[  4r  4r  4i  4i  4i  4t  4i  4c  4i  4i  :([  It!  ^  %  4i  #  4c  :(<if  4: ^ 4' 4  4= ^  ’I' ^  * 

4'4c  Are  there  any  transistors  that  can  be  connected  into  a  levell*4c 
4‘4c  device.  *4c 

4c  4c  4c  41 4c  *  4c  4<  4c  4c  4c  41 4c  4c  4c  4c  4c  41 4c  4c  4c  4c  4c  4i  4c  4<  *  4<  4<  4c  4c  4>  4c  4c  4c  41 4c  41 41 4c  4c  *  4c  4c  *  4>  41 4c  4c  4c  *  c^  4c  *  4<  4c  4<  4c  4c  4c  4c  4c  4c  4c  4c  / 

if  ((( (strcmp(startp->source,comp2ur6->source))==0)ft& 
((strcmp(startp->source, "Vdd")) !®0))  I  I 
( ( (strcmp(startp->source , compare->drain) )==0)ft& 
((strcmp(startp->source,"Vdd")) !®0)) I | 

( ( (strcmp (startp->drain , compaxe->source) )==0)ft& 
((strcmp(startp->source,"Vdd")) !*0))  1 1 
(( (strcmp (startp->drain,compare->drain))=*0)&& 

( ( strcmp (startp->source , "Vdd" ) ) ! »0) ) ) 

{ 

/  4c  4c  4c  4c  4c  4c  *  4c  4c  4  4c  c»  4c  4<  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  *  4c  *  4c  4c  *  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c 

4'4c  A  match  was  found,  place  the  transistor  on  the  stack  and  4c4c 

**  find  any  transistors  which  connect  to  it.  4c* 

4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  *c  4c  4c  4c  4c  *  4c  4c  *  4c  *  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  *  4c  4c  4c  4c  4c  4c  *  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  4c  / 

Push(startp) ; 

comb inep(startp,prev 1st) ; 

/****************************************************************,<, 
**  The  recursive  call  comes  back  to  here.  Reset  the  searching  4c4c 

4‘4c  pointers  to  continue  the  search.  4cc» 

*****************************************************************/ 
startp=header_newp->head; 

> 

else 

•f 

♦4c  No  match  was  found  increment  the  pointers.  *4c 

***4c******4c*******************************4c******;y***************/ 
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prevlst=startp ; 
startp«staxtp->next ; 

} 

} 

♦*  No  more  transistors  to  compare  this  time.  Place  the  ** 

**  into  the  device  array.  ** 

^^^t^^^i^L^^^(i)iJ^^:^^^^^:^^}^^^^f^i^lr^i^l^,^t^^^t^^^,lt‘****^^*********************************/ 

PopO  ; 

} 


/*:H*>^****:tL********iHf****1f1lf*************^******’^******nHi*********** 

**  This  function  compares  the  transistor  with  all  of  the  ** 

**  in  the  list  to  find  a  match.  It  calls  itself  recursively  ** 

♦*  until  all  matches  are  found.  ** 

*****♦**♦*****♦***♦***♦♦****♦**♦**♦♦*♦**♦*♦******  **************»1*!/ 

Function  combinen(startn,prevlst) 
trans  *startn,  ♦prevlst; 

{ 

trans  ♦compare; 
int  set; 
compare  =  startn; 
set  =  FALSE; 

/tHi*****iHnt:**************************************ti*t************** 

♦♦  Does  this  n-type  transistor  connect  to  groiuid?  ♦♦ 

****:^^HHi^m*****************:lc*0**jm^,t******************************/ 
if ( (strcmp ( "GND" , startn->source) )==0) 

{ 

ground=TRUE ; 

> 

♦♦  Remove  the  transistor  that  now  is  paurt  of  a  structure.  ♦♦ 

♦♦  If  the  transistor  lists’  head  or  tail  pointer  are  to  be  ♦♦ 

♦♦  deleted  change  the  head  or  tail.  Delete  the  used  transistor  ** 
♦♦  auid  decrease  the  transistor  lists’  length.  ♦♦ 

♦***♦****♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*♦♦♦♦♦♦♦♦♦♦******** *******/ 
if (header _newn->length  ==  1)  { 
set  =  TRUE; 

header_newn->length  =  0; 
header_newn->head  =  NULL; 
startn->next=NULL ; 
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} 

else  { 

if (startn=*  header _newn->head  tftset!=TRUE)  { 
header _neHn->head  =  8tartn->next ; 
header_newn->length — ; 

} 

else  -C 

if(startn==  header _newn->tail  ftftset!=TRUE)  { 
header_newn->tail  *  prevlst; 
prevlst->next=NULL ; 
header_newn->length-- ; 

} 

else  ■( 

prevlst ->next=prevlst->next->next ; 
startn->next=NULL ; 
header_newn->length — ; 

} 

} 


/ififif^f::^*:^iti*^it*^**************************************************** 

**  Go  to  the  head  of  the  list  to  begin  the  comparisons.  ** 

if (header_newn->head  !=  NULL)  { 
startn  =  header_newn->head; 
prevlst  =  steurtn; 

} 

else{ 

startn  ®  NULL; 

> 

whileCstartn  !=  NULL) 

{ 

/*♦♦♦********♦**♦*♦***♦♦♦****♦♦******♦♦♦***********♦****♦**♦♦*♦♦♦* 

♦*  Are  there  any  transistors  that  can  be  connected  into  a  ** 

♦♦  structure.  ** 

if ( ( ( (strcmp (startn->source , compare->source) ) ==0)ftft 
((strcinp(stca:tn->source,"GND"))  !=0))  1 1 
(( (strcmp (startn->source,compare->drain))==0)&& 
((strcmp(startn->source,"GND")) !=0)) 1 1 
((strcmp(startn->drain,compare->source))==0)  I | 

( (strcmp(startn->drain,compare->drain) )«=0) ) 

{ 

♦*  A  match  was  found,  place  the  transistor  on  the  stack  and  *♦ 
**  find  any  transistors  which  connect  to  it.  ♦♦ 
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t^^^f:^i:^^^t^il^^itHii^l|fi:^**^tJ^t^L:^**^i*^fi^^^i**^l*:¥*******************************/ 

Push(startn) ; 
combinen(startn,prevlst) ; 

/***************************************************************** 
**  The  recursive  call  comes  back  to  here.  Reset  the  searching  ** 
*♦  pointers  to  continue  the  search.  ** 

♦♦*♦♦♦♦**♦♦♦♦♦♦*♦♦*♦♦♦♦♦♦*♦*♦***♦♦♦**♦♦♦**♦*♦****♦******♦******♦*/ 
startn=header_newn->head; 

} 


else 

{ 

♦*  No  match  was  found  increment  the  pointers.  ♦* 

1f*:t:********************  ******************************************/ 

prevlst=startn; 
startn=startn->next ; 

} 

} 

Z^^**************************************************************** 

**  No  more  transistors  to  compare  this  time.  Place  the  *♦ 

♦*  into  the  levell  device  array.  ♦* 

t,*,t:*>lf***:******  ***************************************************/ 

PopO  ; 

} 


/*^**m**  ***************************************  ****************111** 
**  This  function  compares  the  transistor  with  all  of  the  ** 

**  in  the  list  to  find  a  match.  It  calls  itself  recursively  ** 

**  until  all  matches  are  found.  *★ 

*****************************************************************/ 

Function  checkpClo ,hi) 
int  lo,hi; 

{ 

int  pfound.nfound.i, j ; 
int  hi2nd,lasthi ; 

trans  *first,  tprevlst,  ♦second,  ♦prev2nd; 

nfound=FALSE; 

f irst=header_newp->head ; 

prevlst=f irst ; 

second®header_newn->head ; 

prev2nd=second ; 
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while (first  I =NULL)  { 
pfound=FALSE; 
for(i=lo;i<=hi;i++)  { 

if ((( (strcinp(first->source .structure [numdevice] [i] ->source) )==0)&& 
((strcmp(first->source,"Vdd")) !=0)) I  I 
(((strcmp(first->source, structure [numdevice] [i] ->drain) )==0)&& 
((strcmpCf irst->source, "Vdd")) !=0)) 1 1 
(( (strcmp(first->drain, structure [numdevice] [i] ->source))==0)&& 
((8trcmp(first->source,"Vdd")) !=0)) I  I 
(((strcmp(first->drain, structure [numdevice] [i] ->drain) )==0)ftft 
( (strcmpCf irst->source , "Vdd") ) ! =0) ) ) 

pfound=TRUE: 

Push(f irst) ; 

combinepCf irst .prevlst) ; 
hi2nd=numtrans-l ; 
for(j=hi; j<=hi2nd; j++)  { 
while(second!  =NULL)  •[ 

if (((strcmp(second->source, structure [numdevice]  [ij ->source) )==0) I  I 
((strcmp(second->source, structure [nimdevice] [i] ->drain) )==0) | | 
((strcmp(second->drain,structure[numdevice] [i] ->source) )==0) | | 

( (strcmp(second->drain,structure[numdevice] [i] ->drain) )==0) ) 

{ 

stacknum»l ; 

Push(second) ; 

combinen(second,prev2nd) ; 
nfound=TRUE; 

second=header_newn->head; 
prev2nd=second ; 

lasthi=numtrans-l ; 

} 

else  •[ 

prev2nd=second ; 
second=second->next ; 

} 

> 

} 

} 

if (pfound==TRUE)  { 

f irst=header_newp->head; 

prevlst=f irst; 

break; 

} 

} 
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if ( (pfound==FALSE)ft& (first ! =NULL) )  { 
prevlst=f irst; 
f irst=f irst->next ; 

} 

> 

if (nf ound==TRUE)  { 

checkp(hi2nd,lasthi) ; 

> 

> 
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D.  ISOMORPHISM  VERIFICATION 


*  This  function  identifies  if  there  exists  isomorphism  between  the  * 

*  the  transistors .doing  this  only  numerically!  * 

Function  isotransO 

■C 

if (pi  <  (header _newpl->length))  {  error(6);  exit(O);  > 
if(p2  <  header_newp2->length)  {  error (7) ;  exit(O);  } 
if(nl  <  header_newnl->length)  {  error (8);  exit(O);  } 
if(n2  <  header_newn2->length)  {  errorO);  exit(O);  > 
error (42) ; 

} 


*  This  function  identifies  if  there  exists  isomorphism  between  the  * 

*  the  inverters,  numerically  and  qualitatively  by  checking  assigned  * 

*  signatures  like  depth  zuid  width.  * 

*  (f irst->f lag=*0  indicates  the  first  time  for  the  device  compaurison  )  ♦ 


Function  isoinvO 

-C 

int  ok; 

inv  *f irst,*second; 


ok  =  FALSE; 

f irst=headl_inv->head; 
second=head_inv->head; 

if (headl_inv->length  <  head_inv->length)  error(lO); 

while  (second  !*NULL)  ■( 
while(first!=NULL)  { 

if ((first->flag==0)*ft((strcmp(first->length,second->length))==0)&& 
((strcmp(first->width, second- >width))==0))  { 

f irst->f lag=l ;  /♦  mark  off  the  matched  one  */ 

first=headl_inv->head; 

ok*TRUE; 

break;  /♦  found  one  now  advance  2nd  */ 

} 
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else  first  =  first->next; 

}  /*  end  while  first*/ 

if(ok!=TRUE)  {  error (11);  exit(O);  }  /*  no  iso  in  inverter  lists  */ 

else  second=second->next ; 

}  /*  end  while  second  */ 

error (13) ; 


/4i*«**4iltl**4l**4:*>tl***ltr***lti**l|i**««*ltr*lti4:*«4r***4l*4l***4t*4t***«***********:t>***** 

*  This  function  identifies  if  there  exists  isomorphism  between  the  ♦ 

*  the  2  -phase  clocked  inverters,  numerically  and  qualitatively  * 

*  by  checking  assigned  signatures  like  depth  and  width.  ♦ 

*  (f irst->f lag==0  indicates  the  first  time  for  the  device  comparison  )  * 

4c:t<******4i*4iiti:ti**4<***««*4>4<*«**4<***««  :»«**«********************************/ 

Function  iso2clinv() 

■C 

int  ok; 

i2clinv  *f irst ,*second; 
ok  *  FALSE; 

f irst=headl_2clinv->head; 
second®head_2clinv->head; 

if (headl_2clinv->length  <  head_2clinv->length)  error (14); 

while ( second !=NULL)  { 
while(f irst ! =NULL)  { 

if ((f irst->flag==0)ftft((strcmp(f irst->length,second->length))==0)&& 
( (strcmp(f irst->width,second->width))==0))  •{ 
f irst->flag=l ; 
f irst=headl_2clinv->head; 
ok=TRUE; 
break; 

} 

else  first  =  first->next; 

> 

if(ok!=TRUE)  {  error(15);  exit(O);  > 
else  second=second->next ; 

} 

error (17) ; 

} 
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/^Hmt^HHf^:Hi^fiHHi*^f*WiWi^t*if}tit:*:t‘*****************************************'0**** 

*  This  function  identifies  if  there  exists  isomorphism  between  the  * 

*  the  N0R2  gate  structures,  niimerically  and  qualitatively,  by  * 

*  checking  assigned  signatures  like  depth  and  width.  * 

*  (f irst->flag=*0  indicates  the  first  time  for  the  device  comparison  )  ♦ 

ltitt*^t*:^f***:^t*****************************************************’********/ 

Function  isonor2() 

•C 

int  ok; 

nor2  ♦first, *8econd; 
ok  =  FALSE; 

f irst=headl_nor2->head; 
second=head_nor2->head ; 

if (headl_nor2->length  <  head_nor2->length)  error (18); 

while(second!=NULL)  { 
while(first!=NULL)  { 

if ((f irst->flag==0)44((strcmp(f ir8t->length,second->length))==0)&ft 
( (strcmp (f irst->width , second->width) ) ==0) )  { 
f irst->flag=l ; 
f irst=headl_nor2->head; 
ok*TRUE; 
break; 

} 

else  first  =  first->next; 

} 

if(ok!=TRUE)  {  error (19);  exit(O);  } 
else  second=second->next ; 

} 

error (21) ; 

> 


/***************t*******^i*^it**********ti********************************* 

*  This  function  identifies  if  there  exists  isomorphism  between  the  ♦ 

*  the  NAND2  gate  structures,  numerically  and  qualitatively  ♦ 

*  (f irst->f lag*=0  indicates  the  first  time  for  the  device  comparison  )  ♦ 

**^i1f****^*i^t****************t**********mrti*******$i***tf***^Hf***********iHf/ 

Function  isonand2() 

{ 
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int  ok; 

nand2  *f irst,*second; 
ok  =  FALSE; 

f irst=headl_nand2->head; 
second=head_nand2->head; 

if (headl_nand2->length  <  head_nand2->length)  error(22); 

while (second !=NULL)  { 
while (first!=NULL)  { 

if ((f irst->flag==0)&ft((strcmp(f irst->length,second->length))==0)ft& 
( (strcmpCf irst“>width, second->width) )==0) )  { 
f irst->flag=l ; 
f irst*headl_nand2->head; 
ok=TRUE; 
break ; 

} 

else  first  =  first->next; 

} 

if(ok!=TRUE)  {  error(23);  exit(O);  } 
else  second=second->next ; 

} 

error(25) ; 

> 

/**♦♦*♦♦*♦♦♦♦♦♦*♦♦♦♦**♦♦♦*******♦*♦♦♦*♦♦♦**♦****♦********★************** 

♦  This  function  identifies  if  there  exists  isomorphism  between  the  * 

♦  the  precharged  NAND2  gates,  numerically  auid  qualitatively  * 

*  by  checking  assigned  signatures  like  depth  and  width.  * 

*  (f irst->flag==0  indicates  the  first  time  for  the  device  comparison  )  * 

^lict********************************************************************/ 

Function  isoprenand2() 

■C 

int  ok; 

prenand2  *f irst,*second; 
ok  =  FALSE; 

f irst=headl_prenand2->head; 
second=head_prenand2->head ; 

if (headl_prenand2->length  <  head_prenand2->length)  error(26); 

while (second !=NULL)  { 
while (first !=NULL)  { 
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if ((first->flag==0)&ft((stranp(fir8t->length,second->length))==0)&* 
((strcmpCf irst->width,86cond->width))=®0))  { 
f ir8t->flag*l ; 
f ir8t=headl _prenand2->head ; 
ok=TRUE; 
break; 

} 

else  fir8t  =  fir8t->next; 

} 

if(ok!=TRUE)  {  error ( 27 ) ;  exit(O);  } 
el8e  8econd=8econd->next: 

error (29) ; 


/*♦*♦*******♦**♦♦***♦♦**♦**♦***♦*♦*♦♦*****♦****♦♦♦**♦*******♦♦*♦♦♦****** 

*  This  function  identifies  if  there  exists  isomorphism  between  the  * 

*  the  precharged  N0R2  gates,  numerically  and  qualitatively,  by  * 

*'  checking  assigned  signatures  like  depth  and  width.  * 

*  (f irst->flag=®0  indicates  the  first  time  for  the  device  comparison  )  * 

Function  isoprenor2() 

{ 

int  ok; 

prenor2  *f irst ,*second; 
ok  =  FALSE; 

f irst=headl_prenor2->head; 
second=head_prenor2->head ; 

if (headl_prenor2->length  <  head_prenor2->length)  error(30); 

while (second !=NULL)  { 
while(f irst !*NULL)  { 

if ( (f irst->f lag==0) tft ( (strcmp (f irst->length , second->length) ) ==0)&ft 
( (strcmp (first ->width , second->width) )==0) )  { 
f ir8t->flag=l; 
f ir8t*headl_prenor2->head; 
ok=TRUE; 
break; 

} 

else  first  =  first->next; 

} 
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if(ok!=TRUE)  {  error (31);  exit(O);  } 
else  second=second->next ; 

error (33) ; 


/**^HHt***^,4i^i********^f^f******H(ifH:^t**************************************** 

*  This  fxinction  identifies  if  there  exists  isomorphism  between  the  * 

*  the  PASSGATE  gate  structures,  numerically  and  qualitatively,  by  * 

*  checking  assigned  signatures  like  depth  and  width.  * 

*  (f irst->flag==0  indicates  the  first  time  for  the  device  comparison  )  ♦ 


Function  isopass () 
int  ok; 

pass  *f irst , ^second ; 
ok  =  FALSE; 

f irst=headl_pas8->head ; 
second=head_pass->head ; 

if (headl_pass->length  <  head_pass->length)  error(34); 

while (second !=NULL)  { 
while (f irst !*NULL)  < 

if  ((f  irst->flag==0)S:8:((strcmp(f  irst->length,second->length))==0)&& 
( ( strcmp (f irst->width , second->width) ) ==0) )  { 
f irst->flag=l ; 
f irst=headl_pass->head; 
ok=TRUE; 
break; 

} 

else  first  =  first->next; 

} 

if(ok!=TRUE)  {  error(35) ;  exit(O);  } 
else  second=second->next ; 

> 

error (37)  ; 

} 
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*  This  function  identifies  if  there  exists  isomorphism  between  the  * 

*  the  precharged  inverter  gates,  numerically  emd  qualitatively,  by  * 

*  checking  assigned  signatures  like  depth  and  width.  * 

*  (f irst->flag*=0  indicates  the  first  time  for  the  device  comparison  )  * 

^i^i^i^i^f^i^LiHf^f^L***ilfitl**^i:ti*i**^t***********************************************/ 

Fxmction  isopreinvO 

{ 

int  ok; 

preinv  *f irst ,*second; 
ok  =  FALSE; 

f irst=headl _preinv- >head ; 
second®head_preinv->head ; 

if (headl_preinv->length  <  head_preinv->length)  error(38) ; 

while (second !=NULL)  { 
while (f irst! =NULL)  { 

if ((f irst->flag==0)ftft((strcmp(f irst->length,8econd->length))==0)fc& 
( (strcmp (f irst->width , second->width) ) ==0) )  { 
f irst->f lag=l ; 
f irst=headl_preinv->head; 
ok=TRUE; 
break; 

> 

else  first  »  first->next; 

} 

if(ok!=TRUE)  {  error(39);  exit(O);  } 
else  second=second->next; 

} 

error(41) ; 

} 


*  This  function  identifies  if  there  exists  isomorphism  between  the  * 

♦  the  abstract  structures,  numerically.  * 

**r|liiH^**^^l^^^^i^t**^:^^^^iHl^|^^l******************J^**rtlJ|l^^}|^^ll^r^^^^^:^^^l****************/ 

Function  isostructures () 

{ 

trans  *nodes ; 
int  ok ,  i ,  j  ,  k ; 
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ok=0; 

for(i=l;  i<=nuindevice:  i++) 

•C 

for(j  =  l;  j<*nuindevicel ;  j++)  { 

if  (  (pcount  [i]  ==pcountl  [j]  )tft(iico\mt  [i]  ==ncount  1  [j]  )&& 
(plcount [i] ==plcountl [j] )ftt(p2count [i] ==p2countl [j] 

(nlcount [i]==nlcountl[j] )ftt(n2count[i]==n2countl [j] ))  ok=l ; 


if(ok!=l)  { 

printf ("NO-ISOMORPHISM!  Better  check  the  ’output’fileNn"); 
fprintfCfo, "Indication  of  NON-ISOMORPHISM  !  The  structure  below,"): 
fprintfCfo, "which  is  from  the  small  file  doesn’t  match  exactly  with"); 
fprintfCfo, "any  of  the  structures  of  the  big  file  \n"); 
for(k*l;  k<=tcount [i] ;  k++)  { 

nodes=structure[i] [k] ; 

fprintfCfo, "*/,s  '/.s  */.s  */,s  \n" ,nodes->type,nodes->gate, 

nodes->source,nodes->drain) ; 

} 

} 

} 

} 
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E.  OTHER  FUNCTIONS 


*  This  function  examines  the  teo  files  which  are  going  to  be  checked  for  * 

*  isomorphism  or  just  verification  of  any  design  if  they  are  .sim  files.  * 

*  This  is  done  by  checking  the  first  line  of  each  file  if  it’s  according  * 

*  to  UCB  format.  * 

iinclude  "headers. h" 

int  proper (FP) 

FILE  *FP: 

{ 

int  ok; 

chao:  scan  [5]  [15]; 
ok=FALSE: 

strcpy (buffer .blank) ; 

fscanf  (FP,"‘/,s  ‘/.s  ‘/,s  */.s  Xs  \n"  ,scan[0]  ,scan[l]  ,8can[2]  ,scan[3]  ,scan[4]  )  ; 

printf("y,s  '/.s  '/,s  '/.s  '/,s  "  ,scan[0]  ,scan[l]  ,scan[2]  ,scan[3]  ,scan[4]  ) ; 

if  ((strcmp  (scanCO] I "))  !=  0)  error (0) ; 

if  ((strcmp  (scan[i] , "units :") )  !=  0)  error(l); 

if  ((strcmp  (scan[3] , "tech: "))  !=  0)  error(3); 

if  ((strcmp  (8canC4] ."scmos"))  !=  0)  error (4 ) ; 

ok  »  TRUE; 

if(FP  «*  fp)  printfC'big  file  ok\n"); 
if(FP  ==  cp)  printf ("small  file  ok\n"); 
return(ok) ; 

> 


/***************************i*******^L*0*^,t*************************^i^c4i**4i,H:tL* 

*  This  function  handles  the  error  messages  which  are  going  to  appear  on  * 

*  screen  in  case  a  typing  error  is  made  or  a  different  format  file  is  * 

*  used  instead  of  UCB.  * 

error (index) 
int  index; 

{ 

fprintf  (fo,"\n*****/,s****\n\n",  msgtbl [index] ) ; 
printf  ("**♦*•/, s****\n"  .msgtbl  [index]  )  ; 

> 
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/^HHHl*************************************************************** 

*  This  fmiction  creates  header  nodes  for  various  lists .  * 

***♦*♦*********♦**♦♦*♦********♦*♦♦♦♦*♦****♦**♦**♦**♦**♦*♦**********/ 

Function  create.headO 

{ 

header _newp=create() ; 
header_newn=create() ; 
headerl_newp*create() ; 
headerl_newn=create() ; 
header _newpl=create() ; 
header_newp2=create() ; 
header_newnl*create() ; 
header _newn2=create() ; 
headerl_newpl=create() ; 
headerl_newp2=create() ; 
headerl_newnl=create() ; 
headerl_newn2=create() ; 
head_inv=createinv() ; 
headl_inv=createinv() ; 
head.preinv=createpreinv() ; 
headl.preinvacreatepreinvO  ; 
haad.passacreatepassO ; 
headl.passacreatepassO  ; 
head.2clinv=create2clinv() ; 
headl_2clinv=create2clinv() ; 
head_nor2=createnor2() ; 
headl_nor2=createnor2() ; 
head_nand2=createnand2() ; 
headl_nand2=createnand2() ; 
head_prenand2=createprenand2() ; 
headl_prenand2=createprenand2() ; 
head_prenor2=createprenor2() ; 
headl_prenor2=createprenor2() ; 

} 


*  This  function  creates  the  head  and  tail  nodes  for  the  list  of  transistors.  ♦ 

Function  head_type  *create() 
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{ 

head.type  *tGmp; 

temp  =  MALLOC (head.type ) ; 

temp->length  =  0; 

temp->head  ®  temp->tail  =  NULL; 

return (temp) ; 

} 


*  This  function  creates  the  head  and  tail  nodes  for  the  list  of  inverters.  * 
*****♦♦*♦♦♦*************♦♦♦*♦*♦*♦**♦♦♦♦***♦♦*♦♦♦*♦♦*♦***********♦*♦*♦**♦*♦♦**/ 

Fimction  inve  *createinv() 

•C 

inve  *temp; 

temp  =  MALLOC(inve) : 

temp->length  =  0; 

temp->head  =  temp->tail  =  NULL; 

return (temp) ; 

} 


/«:t(i|c4[«*«4i4t*****:tc4i****4[#it‘«**********««**<t<««**:«4t****<***«***«*************«****** 

*  This  function  creates  the  head  and  tail  nodes  for  the  list  of  2-input  ♦ 

*  precharged  inverters .  * 

Function  preinve  *createpreinv() 

•c 

preinve  *temp; 

temp  =  MALLOC (preinve) ; 

temp->length  =  0; 

temp->head  =  temp->tail  =  NULL; 

return (temp) ; 

} 


*  This  function  creates  the  head  and  tail  nodes  for  the  list  of  passgates.  * 

*♦**•****♦♦*******♦♦♦********♦***♦♦*•*♦********♦*♦****♦♦**♦************♦♦*♦♦*/ 

Fxinction  passg  *createpass() 
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{ 

passg  ’^temp; 

temp  =  MALLOC (passg) ; 

temp->length  =  0; 

temp->head=temp->tail=NlJLL; 

return(temp) ; 

} 

/^ft*************************************************************************** 

*  This  fimction  creates  the  head  and  tail  nodes  for  the  list  of  2-phase  * 

clock  inverters. 

iH*****^ti*>^^>*^i:t,:t:****^Hm^i*:iH^****>t‘***:********************************************/ 

Function  i2clinve  *create2clinv() 

{ 

i2clinve  *temp; 
temp=  HALL0C(i2clinve) : 
temp->length=0 ; 
temp->h6ad=temp->tail=NULL ; 
return(temp) ; 

} 


*  This  function  creates  the  head  and  tail  nodes  for  the  list  of  2-input  NOR  * 

♦  gates .  * 

Function  nor2g  ♦createnor2() 

{ 

nor2g  ■•‘temp; 
temp=  MALLOC (nor2g) ; 
temp->length=0; 
temp->head=temp->tail=NULL ; 
return(temp) ; 

} 


*  This  function  creates  the  head  and  tail  nodes  for  the  list  of  2-input  NAND  ■•' 

*  gates .  4: 

4444444*4444444444**444444444444444444444444444444444444444444444444444444444/ 
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Function  nand2g  *crGatenand2() 

-C 

nand2g  *temp; 
tGmp=MALL0C(nand2g) ; 
t  emp - > 1 ength=0 ; 
temp->head=temp->tail=NULL ; 
return (temp) ; 

} 


/^t^:^i^:!tli|,^^^^*l^il^i^l:t*****************************************************  *********** 

*  This  function  creates  the  head  and  tail  nodes  for  the  list  of  precharged  * 

*  2- input  NAND  gates.  ♦ 

*****************************************************************************/ 

Fxinction  prenand2g  *createprenand2() 

{ 

prenand2g  *temp; 
temp=MALL0C(prenand2g) ; 
temp->length=0 ; 
temp->head=temp->tail=NULL ; 
return(temp) ; 

> 


/***************************************************************************** 

*  This  function  creates  the  head  and  tail  nodes  for  the  list  of  precharged  * 

*  2-input  NOR  gates.  * 

*****************************************************************************! 

Function  prenor2g  *createprenor2() 

< 

prenor2g  “ftemp; 
temp=MALL0C(prenor2g) ; 
temp->length=0 ; 
temp->head=temp->tail=NULL; 
return(temp) ; 

> 

/************************************************************************ 

*  This  function  creates  the  node  for  a  stucture  of  a  transistor.  * 

*********************************************************************^i^,^  ^ 
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Fvinction  trans  *newnode() 

■C 

trans  *newnodes ; 

if ( ! (newnodes  =  HALLOC(trans) ) )  { 
error (2) ; 
exit(l) ; 

} 

newnodes->next=NULL ; 
newnodes->type=NULL ; 
newnodes->gate=NULL ; 
newnodes-'‘source=NULL ; 
nGwnodes->drain=NULL ; 
newnodes->length=NULL ; 
newnodes->width=NULL ; 
return (newno'’  s) ; 

} 

Z********************* *****♦**♦♦♦♦*♦♦♦♦**♦***♦******* ♦♦*♦******♦**♦♦*♦** 

*  This  function  creates  the  node  for  a  structure  of  an  inverter.  * 

tt:**il:**Jt!*ilH:4i:t^c^*********************************************************/ 

Function  inv  *NewInvert() 

{ 

inv  *newinvert; 

if ( ! (newinvert  =  HALLOC(inv)))  { 
error (2) ; 
exit(l);  } 

newinvert->f lag=0 ; 
newinvert ->input=NULL ; 
newinvert->output=NULL ; 
newinvert->length=NULL ; 
newinvert->width=NULL ; 
newinvert->next=NULL ; 
return(newinvert) ; 

} 

/it:i^tL^^t,***^tilHH:*^,^IHI,*,tLit‘***************************************************** 

*  This  fiuiction  creates  the  node  for  a  structure  of  a  precharged  ♦ 

*  inverter.  * 

t***ift*****************************************************************/ 
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Function  preinv  *NewPreinv() 

■[ 

preinv  *newpreinv: 
if ( ! (newpreinv  =  HALLOC (preinv)))  { 
error (2) ; 
exit(l) ; 

} 

newpreinv->f lag=0 ; 
newpreinv->input=NULL ; 
newpreinv->output=NULL ; 
newpreinv- >phase=NULL ; 
newpreinv- >length=NULL ; 
newpreinv->width=NULL ; 
newpreinv->next=NULL ; 
return(newpreinv) ; 


*  This  function  creates  the  node  for  a  structure  of  a  passgate.  * 

pass  *NewPass() 

{ 

pass  *newpass; 

if ( ! (newpass=HALLOC(pass)))  { 
error(2) ; 
exit(l) ; 

} 

newpass->f lag=0 ; 
newpass->terminall=NULL ; 
newpass->terminal2=NULL ; 
newpass->php=NULL ; 
newpass->phn=NULL ; 
newpass->length=NULL ; 
newpass->width®NULL ; 
newpass->next=NULL ; 
return (newpass) ; 


/««*«4<*****««4i*«*4i*****4i***4i*4i****«*«**4i**4i*****4i*««***:tii|i4[4i*««««#4i*4c4i4i4c« 

*  This  function  creates  the  node  for  a  structure  of  2-phase  clocked  * 

*  inverter.  ♦ 
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*♦*****♦♦♦**♦****♦*♦******♦*********♦***♦*******♦**♦♦****************♦*/ 


i2clinv  *New2clinv() 

{ 

i2clinv  *new2clinv; 
if (! (new2clinv=MALL0C(i2clinv)))  { 
error (2) ; 
exit(l) ; 

> 

new2clinv->f lag=0 ; 
new2clinv->input=NULL ; 
new2clinv->output=NULL ; 
new2clinv->php=NULL ; 
new2clinv->phn=NULL ; 
nGw2clinv->length=NULL ; 
new2clinv->width=NULL ; 
n6w2clinv->next=NULL ; 
return (nGw2clinv) ; 


/♦*************♦*♦**♦♦**♦****♦****♦♦*♦***♦*♦♦*******♦********♦******♦*** 

*  This  function  creates  the  node  for  a  stucture  of  2-input  NOR  gate.  * 

♦  ♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦*******************>('***************/ 

nor2  ♦Newnor2() 

•C 

nor2  *newnor2; 

if ( ! (newnor2=MALL0C(nor2)))  { 
error (2) ; 
exit(l) ; 

} 

newnor2->f lag=0 ; 
newnor2-> input 1=NULL ; 
newnor2->input2=NULL ; 
newnor2->output=NULL ; 
newnor2->length=NULL ; 
newnor2->width=NULL ; 
newnor2->next=NULL ; 
return (newnor2) ; 

> 


*  This  function  creates  the  node  for  a  structure  of  a  2-input  NAND  gate.* 
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♦♦*******♦***♦♦*♦♦**♦*♦*******♦****♦***♦♦*******************************/ 

nand2  *NGwnand2() 

{ 

nand2  *newnand2; 
if ( ! (nGwnand2=MALL0C (nand2) ) )  { 
error(2) ; 
exit(l) ; 

} 

newnand2->f lag=0 ; 
newnand2 - > input 1 =NULL ; 
newnand2->input2=NULL ; 
newnand2-> output =NULL ; 
newnand2->length=NULL ; 
newnand2->width=NULL ; 
newnand2->next=NULL ; 
return(n®tfnand2) ; 


/:^:t^i*^,^,ti************’l‘**************************************************** 

*  This  function  creates  the  node  for  a  structure  of  a  precharged  NAND  * 

♦  gate .  * 

prenand2  *Newprenand2() 

{ 

prenand2  *newprenand2 ; 
if ( ! (newprenand2=MALL0C(prenand2) ) )  { 
error (2) ; 
exit(l) ; 

} 

newprenand2->f lag=0 ; 
newprenand2->inputl=NULL ; 
newprenand2-> input2=NULL ; 
newprenand2->output*NULL ; 
newprenand2->phase®NULL ; 
newprenand2->length*NULL ; 
newprenand2->width=NULL ; 
newprenand2->next=NULL ; 
return (newprenand2) ; 

} 


z*********************************************************************** 
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*  This  function  creates  the  node  for  a  stucture  of  a  precharged  NOR  * 

*  gate .  * 

***************************************************/ 

prenor2  *Newprenor2() 

-C 

prenor2  *newprenor2; 
if (! (newprenor2=HALL0C(prenor2)))  { 
error(2) ; 
exit(l)  ; 

} 

newprenor2->f lag=0 ; 
newprenor2- > input 1=NULL ; 
newprenor2->input2=NULL ; 
newprenor2->output=NULL ; 
newprenor2->phase=NULL ; 
newprenor2->length=NULL ; 
newprenor2->width=NULL ; 
newprenor2->next=NULL ; 
return (newprenor2) ; 


*  This  function  prints  all  transistors  according  to  their  properties  * 


*  used  in  the  entire  program.  That  means  there  are  four  sets  of  * 

*  transistors  which  are  printed  :  * 

*  1.  P  transistors  without  Vdd  in  the  source  field.  ♦ 

*  2.  P  transistors  with  Vdd  in  the  source  field.  * 

*  3.  N  transistors  without  GND  in  the  source  field.  * 

*  4.  N  transistors  with  GND  in  the  source  field.  * 


***************  *«****4t4i****«***4t***3|<***:|c*4c**>4c«*:tc:4c*:tt**«*«**4::tc**)tc!tc4[*4i**/ 

Function  printtransO 

{ 

int  i, j ,k,l; 

tr ans  ♦node 1 , ♦node2 , ♦nodeS , *node4 ; 
nodel  =  header_newpl->head; 
node2  =  header_newp2->head; 
nodes  =  header_newnl->head; 
node4  =  header _newn2->head; 
fprintf(fo,"  \n"); 
if (header_newpl->length ! =0) { 

fprintf (fo, "The  p-type  transistors  not  connected  to  Vdd  in  this  file  are:\n") 


133 


} 

for(i=l;  i<=  headGr_newpl->length;  i++)  { 

fprintf (fo,"Pl  No'/.d  -  GATE:‘/.s  SOURCE :*/.s  DRAIN r’/s  \n",i.nodel->gate, 
nodel->source,nodel->drain) ; 
nodGl=nodGl->nGxt ; 

} 

fprintf (fo,"  \n"); 
if (header _newp2->length ! =0) { 

fprintf (fo, "The  p-type  transistors  connected  to  Vdd  in  this  file  are:\n") 

} 

for(i=l;  i<=  header _newp2->length;  i++)  { 

fprintf  (fo."P2  No'/d  -  GATE:*/.s  SOURCE; */.s  DRAIN :'/.s  \n"  ,i  ,node2->gate, 
node2->source,node2->drain) ; 
node2-node2->next ; 

} 

fprintf (fo,"  \n"); 
if  (header_newnl  ->length !  =0)  •[ 

fprintf (fo, "The  n-type  transistors  not  connected  to  GND  in  this  file  are:\n") 

} 

for(i=l;  i<=header_newnl->length;  i++)  { 

fprintf  (fo,"Nl  No*/.d  -  GATE:7.s  S0URCE:*/.s  DRAIN:y,s  \n"  , i ,node3->gate , 
node3->source,node3->drain) ; 
node3=node3->next ; 

} 

fprintf(fo,"  \n"); 
if (header _newn2->length ! *0) { 

fprintf (fo, "The  n-type  transistors  connected  to  GND  in  this  file  are;\n"); 

} 

for(i=l;  i<=header_newn2->length;  i++)  •( 

fprintf  (fo,"N2  Noy,d  -  GATE:y,s  S0URCE:y,s  DRAIN;y.s  \n"  , i ,node4->gate , 
node4->source,node4->drain) ; 
node4=node4->next ; 

> 

} 


/^^nnumtum^^tinnni^L*************************************************** 
*  This  f\inction  prints  all  inverters  which  have  been  identified.  * 

i|i «  « ifi  *  *  *  «  4r  #  <[  *  *  *  *  *  4i 4r  41 <1 4c *  *  *  «  4c  ]tc  :ti  4c  1)1 *  :ti  *  / 

print. invO 


int  i; 

inv  *node_inv; 

node.inv  =  head_inv->head; 
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fprintf(fo,"  \n"): 
if (head. inv->length ! =0) { 

fprintf (fo,"The  INVERTERS  that  exist  in  this  file  are:\n"): 

} 

for(i=l;  i<=httdd_inv->length;  i++)  { 

fprintf  (fo," INVERTER  Noy,d  -  INPUT:  ‘/.s  OUTPUT:  y.s  LENGTH:  y,s  WIDTH:  y,s  \n", 
i,node_inv->input ,node_inv->output,node_inv->length,node_inv->width) ; 
node.inv  =  node_inv->next ; 

} 


/  *  41  *  41  *  41 4: 4: 1)1 *  Ik  ^  *  #  <1 41  <(1  ^  <4i  1 

♦  This  function  prints  all  prechairged  inverters  which  have  been  identified.  41 
4  41 41 41 4  4  41 4i  4  4i  4  41 4  41 4  4i  41 4  41 41 4>  41 41 4<  4  41 4<  41 4i  41 4<  41 41 4  4  4  4  4<  41 4  4  4  4  4  4  4  41 4  41 4  4  4  4  4  4  4i  4  4  4  4  41 4  4  4  4  41 41 4  41 41 4  41 41 4  4i  41 4  / 

print.preinvO 

{ 

int  i; 

preinv  4node_preinv; 

node_preinv=head_preinv->head ; 

fprintfCfo,"  \n  "); 

if (head.preinv->length ! =0) { 

fprintf (fo, "The  PRECHARGED  INVERTERS  that  exist  in  this  file  are:\n"); 

} 

for(i®l;  i<®head.preinv->length;  i++)  { 

fprintf(fo,"PRECH. INVERTER  No'/d  -  INPUT:y.s  OUTPUT:’/, s  PHASE:’/.s  \n" , 
i , node _preinv-> input ,node_preinv->output ,node_preinv->phase) ; 
fprintf(fo,"  LENGTH:  ’/.s  WIDTH:  ’/.s  \n" , 

node_preinv~>length,node_preinv->width) ; 
node.preinv  =  node_preinv->next ; 

} 

> 


/44444444444444 4 444444444444444444444444444444444444444444444444444444444444 4 
*  This  function  prints  all  passgates  which  have  been  identified.  4 

*444444444444444444444444444444444444444444444444444444444444444444444444444/ 

print.passO 

< 

int  i; 

pass  4node_pass; 
node_pass*head_pass->head; 
fprintf(fo,"  \n"); 


135 


if (head_preinv->length ! =0) { 

fprintf (fo,"The  PASSGATES  that  exist  in  this  file  are;\n"); 

} 

for(i=l;  i<*head_pass->length;  i++)  { 

fprintfCfo.’TASSGATE  No  ‘/.d  -  TERMl:  ‘/s  TERh2:  y.s  PHP:  7,8  PHN:  7,s  \n", 
i ,node_pass->terminall ,node_pass->terminal2 ,node_pass->php ,node_pass->phn) ; 
fprintf (fo,"  LENGTH:  7.8  WIDTH:  7.s  \n",  node_pass->length, 

node_pass->width) ; 
node_pass=node_pass->next ; 

} 


♦  This  function  prints  all  2-phase  clocked  inverters  which  have  benn  * 

*  identified.  * 

print_2clinv() 

■C 

int  i; 

i2clinv  ♦node_2clinv; 

node_2clinv=head_2clinv->head; 

fprintfCfo,"  \n"): 

if (head_2clinv->length ! «0) { 

fprintf (fo, "The  2-PHASE  CLOCK  INVERTERS  that  exist  in  this  file  are:\n"); 

} 

for(i=l;  i<=head_2clinv->length;  i++)  { 

fprintf  (fo.  "2  PH.  CLOCK  INV.  No7.d  -  INPUT:  7.8  OUTPUT  :7.s  PHP:7.s  PHN:7.s  \n",i, 
node_2clinv->input ,node_2clinv->output,node_2clinv->php,node_2clinv->phn) ; 
fprintf(fo,"  LENGTH ;7.s  WIDTH :7.s  \n"  , 

node_2clinv->length,node_2clinv->width) ; 
node_2clinv=node_2clinv->next ; 

} 


*  This  function  prints  all  2-input  NOR  gates  which  have  been  identified.  * 

*******************************************************4,**^4,,|,4,,t,4„t,,^,^,„,^:„4,^^^,^^ 

print_nor2() 

< 

int  i; 
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nor2  *node_nor2; 
node_nor2=head_nor2->head ; 
f printf (f o , "  \n" ) ; 
if (head_nor2- >length ! =0) { 

fprintf (fo,"The  2-input  NOR  gates  that  exist  in  this  file  are:\n"): 

} 

for(i*l;  i<=head_nor2->length;  i++)  { 

f printf (fo. '■NOR-2  No'/d  -  INPUTl:‘/.s  INPUT2:*/.s  OUTPUT .•’/.s  \n", 
i ,node_nor2->inputl ,node_nor2->input2,node_nor2->output) ; 
f  printf  (fo."  LENGTH  ;y.s  WIDTH  ;y.s  \n"  , 

node_nor2->length,node_nor2->width) ; 
node_nor2=node_nor2->next ; 

} 


/******^i^fi^f:^f:Hi****!t:^:1^***1:i:t::t:*************itL*********:lL************************** 

*  This  function  prints  all  2-input  NAND  gates  which  have  already  been  * 

*  identified.  * 

print_nand2() 

•C 

int  i; 

nand2  *node.nand2; 

node.nzmd2*head.nand2->head; 

f printf (fo,"  \n"); 

if  (head_nand2-  >length !  =0)  {. 

fprintf (fo, "The  2-input  NAND  gates  that  exist  in  this  file  are:\n"); 

> 

for(i=l;  i<=head_nand2->length;  i++)  { 

fprintf  (fo,"NAND-2  No*/.d  -  INPUTl:*/.s  INPUT2:y.s  OUTPUT r’/.s  \n" . 
i ,node_nand2->inputl ,node_nand2->input2,node,nand2->output) ; 
fprintf  (fo,"  LENGTH  :y,s  WIDTH  t’/.s  \n"  , 

node_nand2->length ,node_nand2->width) ; 
node_nand2=node_nand2->next ; 

} 

} 


/**********♦**♦*♦♦*♦*♦**♦*♦**♦***♦♦******♦•**♦♦****♦♦*♦*♦***♦♦♦*♦***♦******♦** 

*  This  function  prints  all  precharged  2-input  NAND  gates  which  have  already  * 

*  been  identified.  * 
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pr  int  _prenajid2  ( ) 

{ 

int  i; 

prencm<i2  *node_prenand2  j 
node_prenand2=head_prenand2->head; 
fprintf(fo,"  \n"); 
if  (head.pi  anand2->length !  =0)  •( 

fprintf (fo, "The  2-input  PRECHARGED  HAND  gates  that  exist  in  this  file  are:\n"); 

> 

for(i=l;  i<=head_prenand2->length;  i++)  { 

fprintf  (fo."PRECH.  NAND-2  No'/d  -  INPUTli’/s  IHPUT2:V.s  OUTPUT :y.s  \n" . 
i ,node_prenand2->inputl ,node_prenand2->input2  node_prenand2->output) ; 
fprintfCfo,"  PHASE ;*/.s  LENGTH :y.s  WIDTH ;y.8  \n"  . 

node_prenand2->phase,node_prenand2->length  node_prenand2->width) ; 
node_prenand2=node_prenand2->next ; 

> 


*  This  function  prints  all  precharged  2-input  NOR  gates  which  have  already  * 

*  been  identified.  ♦ 

print _prenor2() 

{ 

int  i; 

prenor2  ♦node_prenor2 ; 

node_prenor2=head_prenor2->head; 

fprintf(fo,"  \n"); 

if (head_prenor2->length ! =0) { 

fprintf (fo, "The  2-input  PRECHARGED  NOR  gates  that  exist  in  this  file  are:\n"); 

} 

for(i=l;  i<=head_prenor2->length;  i++)  { 

fprintf  (fo,"PRECH.  NOR-2  No'/d  -  INPUTl:y.s  INPUT2:y.s  OUTPUT :y.s  \n" , 
i ,node_prenor2->inputl ,node.,prenor2->input2  node_prenor2->output) ; 
fprintfCfo,"  PHASE :y.8  LENGTH ;y.s  WIDTH :y.s  \n", 

node_prenor2->phase,node_prenor2->length,node_prenor2->width) ; 
node_prenor2=node_prenor2->next ; 

} 

> 
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*********************************************** 

*  This  function  prints  all  the  transistors  which  were  not  grouped  in  * 

*  certain  gate  structures  and  they  considered  as  abstract  structures.* 

lti^liHi*itt^LlL^i*************************************************************/ 

print.structuresO 

< 

int  i. j : 
trans  *node; 
if (numdevice ! =0) { 

fprintf (fo,"\n*********0ther  STRUCTURES  ********\n") ; 
for(i=l:  i<=  numdevice;  i++)  { 

fprintf  (fo,"\nThere  are  '/.d  transistors  in  this  device .  \n"  .tcount  [i]  )  ; 
for(j=l;  j<=  tcount[i3;  j++)  { 
node  =  structured]  [j]  ; 

fprintf  (fo,"y,s  */,s  */,s  */.s\n",node->type,node->gate,node->source,node->drain)  ; 

> 

} 

} 

> 


/iti*4:4i««4[«*«***iti*:4c:ti:ti:ti4[*iti^««lt[*4:4c]t<***************  ************************* 

*  This  function  prints  all  the  transistors  which  were  not  grouped  in  * 

*  certain  gate  structures  and  they  considered  as  abstract  st  actures.* 
**********************************************************************/ 

print .structures  1 ( ) 

•C 

int  i.j; 
trans  *node; 

if  (numdevice 1 !=0){ 

fprintf (fo,"\n*********0ther  STRUCTURES  ********\n”) ; 
for(i=l;  i<=  numdevicel;  i++)  { 

fprintf  (fo,"\nThere  are  '/.d  transistors  in  this  device.  \n"  .tcountl  [i]  )  ; 
for(j=l;  j<=  tcountl[i];  j++)  { 
node  =  structurel Li] Cj] : 

fprintf  (fo,"'/,s  '/.s  '/,s  y.s\n"  ,node->typo,node->gate,node->source,node->drain) ; 

> 

> 

> 

} 
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*  This  function  provides  the  error  message  for  the  structure  * 

*  procedure .  * 

*i^i^l^:^^^H,^i^:^li*^l^f^i^^^^*^:^:*^f*****************^^***************************/ 

print_error() 

{ 

printf ("There  is  a  transistor  connected  to  Vdd  with  no  path  to  GND.\n"); 
printfC  Please  verify  your  circuit. \n") ; 

fprintfCfo, "There  is  a  transistor  connected  to  Vdd  with  no  path  to  GND.\n"); 
fprintf(fo,"  Please  verify  your  circuit. \n" ) ; 

} 


k 


I 
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